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FOREWORD 

The  research  described  herein,  which  was  conducted  by 
Monsanto  Research  Corporation,  Dayton  Laboratory,  was  performed 
under  NASA  Contract  NAS  9-8357 •  The  work  was  done  under  the 
guidance  of  the  Technical  Monitor,  Mr.  D.  G.  Sauers,  Supporting 
Development  Branch,  NASA  Manned  Spacecraft  Center. 
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ABSTRACT 


Sodium  and  potassium  silicates  were  applied  by  drawing  and 
dipping  techniques  to  polycarbonate  to  provide  a  nonflammable 
coating.  A  polyurethane  coating  between  the  silicate  and  the  sub¬ 
strate  was  required  to  achieve  good  adhesion.  Polymeric  films, 
usually  polyurethane  or  polystyrene,  were  applied  over  the  silicate 
to  improve  the  long-time  stability  of  the  coating  system.  A 
limited  number  of  organic-modif led  silica  coatings  were  prepared 
but  were  significantly  less  effective  than  the  alkali-silicate 
coatings  in  preventing  flame  damage  to  polycarbonate.  Experimental 
glass  compositions  were  formulated  for  plasma  spraying  studies  from 
the  alkali-B203-Si02 ,  soda-lime-silica,  and  Ba0-Al203-B203  systems. 
Commercial  glasses  were  also  employed.  All  plasma-sprayed  coatings 
were  too  translucent  to  satisfy  optical  requirements  in  the  intended 
application.  Optically  transparent  pyrex  coatings  were  applied 
to  polycarbonate  by  RP  sputtering,  but  substrate  discoloration  was 
observed  in  most  cases.  Most  of  the  coatings  prepared  in  the 
program  were  evaluated  for  flame  resistance,  light  transmittance, 
optical  uniformity  and  distortion,  humidity  and  thermal  shock 
resistance,  vacuum  and  ultraviolet  stability,  and  flexural  and 
impact  strength. 


PRECEDING  PAGE  BLANK  NOT  FILMED. 

TABLE  OF  CONTENTS 

Page 

SECTION  I.  SUMMARY  . 1 

SECTION  II.  INTRODUCTION  . 3 

SECTION  III.  RESULTS  AND  DISCUSSION  OF  RESULTS  . H 

A.  Alkali  Silicate  Systems  . . . i| 

1.  Coating  Fabrication  . . .  l| 

a.  Preparation  of  Bond  Coatings  ....... 

b.  Preparation  of  Silicate  Coatings  ...  5 

c.  Curing  of  Alkali  Silicate  Coatings..  7 

d.  Cold  Forming  and  Polishing  of 

Silicate  Coatings  . 17 

e.  Water  Repellant  Coatings  for 

Alkali  Silicates  .  19 

2.  Coating  Testing  and  Evaluation  . .  23 

a.  Humidity  Resistance  . . 23 

b.  Thermal  Shock  Resistance  .  23 

c.  Flame  Resistance  . .  ....  28 

d.  Optical  Uniformity  and  Distortion  ..  28 

e.  Light  Transmittance  .  . .  33 

f.  Vacuum  Stability  . 37 

g.  Flexural  Strength  . .  37 

h.  Stability  of  Coatings  After 

Ultraviolet  Exposure  .  40 

i.  Effect  of  Water  Content  on 

Silicate  Properties  .  i| 2 

«J .  Impact  Strength  of  the  PUSP  System  .  k2 

B.  Non-Alkali  Silicates  and  Silica  Coatings  .  52 

1.  Consideration  of  Approaches  . 52 

2.  Modified  Silica  Coatings  for  Flame 

Retardation  . 52 

C.  Plasma-Sprayed  Coatings  . 55 

1.  Screening  of  Candidate  Materials  .  55 

2.  Survey  of  Glass-Forming  Systems  .  58 


v 


< 


4 


TABLE  OF  CONTENTS  (Cont'd.) 

Page  t 

3.  Plasma  Spraying  of  Glass  Compositions  ...  63 


a.  Preparation  and  Appearance  of 

Coatings  . 63 

b.  Light  Transmittance  .  70 

c.  Flame  Propagation  Studies  . .  70 

4 .  Selective  Melting  of  Plasma-Sprayed 

Glass  Coatings  by  Laser  .  70 

D.  RF  Sputtered  Coatings  . .  12 

SECTION  IV.  CONCLUSIONS  . 75 

A.  Alkali  and  Nonalkali  Silicate  Coatings  .  75 

B.  Plasma-Sprayed  Glasses  .  75 

SECTION  V.  REFERENCES  . 77 


vi 


LIST  OF  FIGURES 

*  Figure  Page 

1.  Comparison  of  Distortion  in  Silicate-Urethane 

Polycarbonate  System  .  21 

2.  Appearance  of  Silicate  Coatings  After  187  Hour 

Exposure  to  High  Humidity  Environment  . .  27 

3.  Top  View  Schematic  of  Flame  Resistance  Test  .  29 

4.  Appearance  of  Silicate  Coatings  After  Exposure 

to  1800°F-2000°F  Combustion  Flame  .  30 

5.  Graph  of  Flame  Resistance  Test  (Propane  Torch) 

Results  for  Type  K  Silicate  Coated  Polycarbonate 
Specimens  .  31 

6.  Light  Transmittance  of  Silicate-Urethane- 

Polycarbonate  Systems  .  35 

7.  Transmittance  of  Alkali  Silicate  Systems  . . .  36 

8.  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  532  . . .  44 

%  9.  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  534  . .  45 

10.  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  541  . . .  46 

11.  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  546  .  47 

•  12.  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  642  .  48 

13-  The  Effect  of  Exposure  to  an  Ultraviolet  Source  on 

the  Light  Transmission  of  Sample  649  .  49 

14.  Arrangement  of  Equipment  for  Production  of 

Plasma-Sprayed  Coatings,  showing  Details  of 

the  Plasma  Spray  Torch  with  Standard  Argon 

Electrodes  . 56 

# 


vii 


I 


i 


LIST  OF  FIGURES  (Cont'd.) 


Figure  PaSa 


15.  Schematic  Arrangement  of  Equipment  for  Observing 

Melting  Characteristics  of  Spray  Powders  at 

Various  Torch  Conditions  . 57 

16.  Microscopic  Appearance  of  Particles  from 

Impact  Studies  . 59 

17 ♦  The  Portion  of  the  Ternary  System  Na20-Ca0-Si02 
of  Interest  to  Glass  Technology,  According  to 
Morey  (1930);  Weight  Percent  of  Na20  Obtained 
hy  Subtracting  Sum  of  CaO  Plus  Si02  from  100  .  6l 

18.  Glass-forming  Portion  of  the  System  Ba0-Al203-B203  .  6l 

19.  Illustration  of  Transmitted  Light  Properties  of 

Plasma-Sprayed  Glass  Coatings  .  67 


20.  Illustration  of  Reflected  Light  Properties  of 

Plasma-Sprayed  Glass  Coatings  . 

21.  Transmittance  of  Plasma-Sprayed  Glass  Coatings 


on  Polycarbonate  .  70 

22.  An  Overall  View  of  the  RF  Sputtering  Module  (SM-8500) 

Mounted  on  a  Veeco  775  Vacuum  System  .  72 

23.  Individual  Components  of  the  RF  Sputtering  Module 

(SM-8500)  . . . .  72 


vl 


± 


LIST  OF  TABLES 


Table 

Page 

..  6 

I. 

Undercoating  Candidates  . . . 

’  .  8 

II. 

Preparation  of  Silicate  toaungb  ••«••• . 

.  .  13 

III. 

Oven  Drying  of  Silicate  coatings  . * 

IV. 

Effect  of  Chemical  Setting  Agents  on  Silicate 

.  .  16 

.  .  18 

V. 

Pressure  Mounted  Silicate  coatings  . * 

.  .  20 

VI. 

Cold  Forming  of  Silicate  coatings  . . 

VII. 

Water  Repellant  Materials  for  Alkali 

. .  .  22 

Silicate  Coatings  •  *  *  •  . . ,*••••»« 

.  .  .  24 

VIII. 

Silicate  Protected  with  water  nepenant  i  . 

.  .  .  26 

IX. 

Humidity  Resistance  of  silicate  ooatmgs  • 

X. 

Effect  of  a  Propane  Torch  Flame  on  Silicate- 

.  .  .  32 

Coated  Polycarbonate  . 

XI. 

Parts  A  &  B:  Optical  Distortion  Values  From 

Federal  Test  Method  3041 

Part  C:  Optical  Uniformity  Values  From  Federal 

. . .  34 

_  ,  ,  ,  ,  n  A  1  1  J  Q4  1  4  onf  D  Q  r  CJ  4”  p  TT1 R  .......  t 

. . .  38 

XII. 

Vacuum  Stability  of  Alkali  silicate  systems  . 

XIII. 

Four  Point  Load  Flexural  Strength  of  Alkali 

. . .  39 

XIV. 

Spectral  Distribution  of  Atlas  Enclosed  Violet 

...  40 

Carbon  Arc  Lamp  vnei .  *u  . . 

XV. 

Ultraviolet  Stability  of  Alkali  Silicate  Coatings  .. 

...  41 

XVI. 

Effect  of  Water  Content  on  Appearance  of 

.  ..  50 

XVII. 

Silicate  Coatings  . .  •  . . 

...  51 

Impact  Test  Results  . * . 

ix 


LIST  OF  TABLES  (Cont'd.) 

Table  Page  . 

XVIII.  Effect  of  a  Propane  Torch  Flame  on  Uncoated  and 

Coated  Polycarbonate  Sheet  . 53 

XIX.  Particle  Impact  Studies  of  Initial  Candidate 

Materials  .  60 

XX.  Experimental  Glass  Compositions  . 63 

XXI.  Particle  Impact  Studies  of  Experimental  Glass 

Compositions  . 65 

XXII.  Particle  Impact  Studies  of  Commercial  Glass 

Compositions  .  66 


x 


SECTION  I.  SUMMARY 


A.  Alkali  Silicates 

Sodium  and  potassium  silicates  of  varying  K20/S102  ratios 
(where  K  is  either  sodium  or  potassium)  were  applied  to  polycar¬ 
bonate  in  order  to  render  it  nonflammable.  The  coatings  were 
applied  by  both  conventional  doctor  blade  techniques  and  modified 
dip  procedures.  Early  in  the  program,  it  was  decided  that  a  bond 
coating  was  necessary  to  provide  good  adhesion  for  the  silicate 
layer.  Consequently,  a  cryogenic  urethane  adhesive  was  selected 
for  this  purpose.  In  most  cases  the  silicate  coatings  were  air 
dried  in  a  humid  atmosphere  to  reduce  the  drying  rate  and  minimize 
the  possibility  of  stress  cracking  and  warping.  The  hardened 
air-dried  coatings  take  on  glass  like  properties  and  require 
sanding  and  polishing  to  reduce  optical  distortion.  Finally,  in 
order  to  reduce  the  water  loss  and  subsequent  degradation  of  the 
silicate  coating,  a  polymeric  encapsulator  material  was  applied  over 
the  silicate  by  dipping,  drawing  and  spraying  techniques.  Commer¬ 
cially  available  polyurethane  and  polystyrene  were  selected  on  the 
basis  of  appearance  and  good  performance  during  tests.  The  frosted 
appearance  of  the  sanded  silicate  surface  was  eliminated  by  the 
polymer  film. 

The  polycarbonate-polyurethane-silicate-polyurethane  (PUSP) 
systems  were  evaluated  on  the  basis  of  various  tests  considered 
important  by  NASA.  Foremost  of  these  tests  were  the  optical 
transmittance,  optica.1  distortion,  and  flame  impingement  tests. 

The  best  PUSP  systems  were  found  satisfactory  in  each  of  these 
tests . 

In  addition,  the  PUSP  system  performed  satisfactorily  in 
thermal  shock,  flexural,  vacuum,  ultraviolet,  impact,  and  humidity 
tests. 

Due  to  the  necessity  of  applying  a  flammable  polymer  moisture 
barrier  over  the  silicate,  some  concern  was  raised  over  the  possi¬ 
bility  of  the  polymer  flaming  when  impinged  with  a  flame  in  an 
oxygen  atmosphere.  However,  tests  conducted  at  NASA  indicated 
little  flame  propagation  of  the  polymer  film.  Consequently,  poly¬ 
meric  films  were  found  to  be  acceptable. 

B.  Non  A1 ka 1 1 -SI  1 i cates 

Organi c-modif led  silica  coatings  were  prepared  but  were  found 
to  be  significantly  Inferior  to  alkali-silicate  coatings  in  pro¬ 
viding  flame  protection  to  polycarbonate. 


C.  Plasma  Sprayed  Coatings 

Extensive  studies  have  been  carried  out  using  refined  arc- 
plasma  spraying  techniques  in  order  to  develop  a  nonflammable, 
transparent  coating  for  polycarbonate.  Initially,  simple  chemical 
compounds  were  plasma  sprayed  and  their  melt  characteristics 
observed.  These  materials  showed  very  limited  film  formation. 
Consequently,  the  emphasis  was  shifted  to  the  development  of 
experimental  glass  compositions  which  could  be  formulated  with 
the  physical  properties  necessary  for  deposition  by  arc  plasma 
techniques.  In  general,  the  experimental  glasses  were  located  in 
the  following  systems:  alkali-B203-Si02 ,  soda-lime-silica,  or 
BaO-A^Oa-BjOa .  In  addition,  several  commercial  glasses  with  the 
properties  required  to  permit  deposition  by  the  arc  plasma  process 
were  located.  These  experimental  and  commercial  glasses  were 
successfully  plasma  sprayed  on  polycarbonate,  yielding  uniform 
glass  coatings  suitable  for  non-optica] -type  uses,  due  to  their 
translucent  appearance.  The  particulate  deposition  characteristics 
Inherent  in  the  arc  plasma  process  cause  the  translucent  appearance 
because  the  resulting  grain  boundaries  do  not  permit  isotropic  light 
transmission.  As  a  result,  the  plasma-sprayed  glass  coating  pre¬ 
pared  in  this  program  did  not  possess  the  optical  qualities 
necessary  for  instrument  dials.  Such  coatings  might  be  of  interest, 
however,  for  other  components  where  coatings  having  abrasion- 
resistance,  impact-resistance  or  other  special  resistance  properties 
are  required. 


D.  Sputtered  Coatings 

RF  diode  sputtering  of  transparent  pyrex  coatings  on  poly¬ 
carbonate  was  performed.  The  overheating  problem  of  this  setup  was 
basically  overcome  so  that  the  polycarbonate  would  not  be  physically 
degraded.  However,  a  slight  brownish  discoloration  of  the  poly¬ 
carbonate  was  always  observed.  Optically,  the  coatings  (1000- 
2000  A)  retain  their  transparency  but  the  substrate  takes  on  a 
slight  color. 
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SECTION  II.  INTRODUCTION 


The  objective  of  this  experimental  program  was  to  develop  a 
non-flammable  transparent  coating  for  polycarbonate,  a  material  with 
good  optical  and  impact  properties,  which  is  currently  utilized  in 
transparent  visor  and  instrumentation  applications.  The  work  was 
divided  into  3  main  areas:  1)  alkali  silicates;  2)  non-alkali 
silicates;  and  3)  plasma-spraying  of  glass.  In  addition,  an  effort 
was  made  to  determine  the  feasibility  of  sputtering  a  nonflammable 
film  on  polycarbonate.  The  latter  half  of  the  contract  period 
emphasized  the  alkali  silicate  coating  approach. 
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SECTION  III.  RESULTS  AND  DISCUSSION  OF  RESULTS 


A.  Alkali  Silicate  Systems 

1 .  Coating  Fabrication. 

a.  Preparation  of  Bond  Coatings.  Both  sodium  and 
potassium  silicates,  because  of  their  water  content,  are  non¬ 
wetting  when  applied  to  a  polycarbonate.  Indeed,  polycarbonate 
is  used  as  a  mold  for  producing  silicate  castings. 

Coatings  have  been  reportedly  produced  by  treating  plastic 
substrates  with  polyvinyl  alcohol  followed  by  application  of  the 
silicate  in  the  form  of  a  silicate-boric  acid  gel. 

Transparent  polyvinyl  alcohol  (PVA)  films  Intended  to  serve 
as  intermediate  coatings  formed  on  glass  were  well  bonded  whereas 
those  formed  on  polycarbonate  adhered  poorly.  Adhesion  of 
silicate  films  to  the  PVA  films  was  good  with  both  substrates. 

No  improvement  in  adhesion  of  PVA  films  to  polycarbonate  was 
obtained  with  a  hydrolizing  treatment  of  the  polycarbonate  prior 
to  application  of  PVA  as  successfully  employed  with  other  sub¬ 
strates  (Ref.  1). 

Polyvinyl  Butyral  (PVB)  film  bonded  to  polycarbonate  film 
by  heating  for  10  minutes  at  200°P  was  also  investigated  as  an 
intermediate  coating.  However,  the  optical  quality  was  poor  due 
to  trapped  bubbles  and  distortion. 

A  brief  study  was  made  using  General  Electric  RTV108  silicone 
as  an  adhesive  layer  between  the  silicates  and  polycarbonate.  The 
silicone  coatings  were  applied  with  a  spatula  and  air  cured  at 
room  temperature.  However,  all  coatings  were  found  to  have  poor 
adhesion  to  the  polycarbonate. 

Initial  polyurethane  bond  coating  studies  were  made  using  a 
cryogenic  polyurethane  made  by  3M  Company  designated  Scothweld 
EC3515.  The  oven-cured  specimens  tended  to  form  bubbles  indicating 
the  abnormal  release  of  CO2 •  Since  aging  of  the  urethane  could 
have  been  a  factor  in  this  case,  the  3M  urethane  was  abandoned  in 
favor  of  a  urethane  of  known  quality.  No  bubbles  were  observed 
after  oven  curing  with  the  Dupont  Adiprene  L-100  polyurethane. 

A  range  of  cure  cycles  were  studied  with  the  Dupont  polyurethane 
is  shown  below: 


CURE  CYCLES  FOR  DUPONT  ADIPRENE  L-100 
POLYURETHANE-COATED  POLYCARBONATES 


Cure 

ycles 

Cure 

Time,  hr. 

Temperature , 

op 

Atmosphere 

1 

5 

212 

Air 

2 

8 

212 

Air 

3 

32 

212 

Air 

4 

80 

212 

Air 

5 

96 

212 

Air 

6 

6 

285 

Air 

No  discernible  difference  was  observed  in  polyurethane 
properties.  In  most  cases,  a  MOCA  hardner  (4 ' 4 ' -methylene-bis- 
2-chloroaniline )  was  used  to  accelerate  the  curing  time  of  the 
polyurethane.  In  a  few  instances  the  MOCA  was  replaced  by 
ethylene  glycol.  The  curing  time,  however,  was  much  longer  in 
these  cases.  The  urethane  coating  procedure  consists  of  a 
preliminary  air  removal  of  the  polyurethane  to  eliminate  coating 
bubbles.  This  was  accomplished  by  placing  the  polyurethane  in 
an  Erlenmeyer  flask  which  is  then  evacuated  to  ^10”4  torr.  When 
the  bubbling  stopped,  the  hardner  was  mixed  with  the  polyurethane 
(12.5  parts  MOCA  to  100  parts  polyurethane  by  weight)  and  immedi¬ 
ately  drawn  on  9"  x  11"  polycarbonate  with  an  8  inch  Gardner 
knife.  The  polyurethane  was  drawn  in  thicknesses  ranging  from 
2  to  10  mils.  Generally,  the  coatings  were  transparent  with 
minimal  distortion.  A  summary  of  undercoating  materials  evaluated 
and  subsequent  results  is  shown  in  Table  I. 

b.  Preparation  of  Silicate  Coatings.  Both  sodium  and 
potassium  silicate  exhibit  high  transparency  over  the  visible 
spectrum.  The  silicates  are  commercially  available  from  Philadelphia 
Quartz  Company  as  a  water-based  solution  in  various  Na20/Si02  or 
K20/S102  ratios  as  shown  below: 

VISCOSITY  OF  ALKALI  SILICATES  (Ref.  2) 


Silicate 

Type 

Na?0/S10? 

Viscosity, 
K?0/Si0?  cps  §  ?0°C 

Sodium 

K 

2.87 

960 

Sodium 

N 

3.20 

178 

Sodium 

S-35 

3.74 

222 

Potassium 

Kasil  06 

2.11  1010 
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A  variety  of  solution  viscosities  and  coating  properties  can 
be  obtained  depending  on  this  ratio.  Generally,  the  as  received 
solutions  had  the  consistency  of  thin  molasses.  The  silicate 
solutions  were  applied  by  both  a  drawing  and  a  pouring  technique. 

The  poured  coatings  were  made  by  simply  pouring  the  silicate  on 
the  flat  polyurethane/polycarbonate  specimen  and  spreading  it 
over  the  plate  to  achieve  a  uniform  thickness.  The  drawn  coatings 
were  made  using  either  a  *1  inch  or  10  inch  doctor  knife,  set  at 
the  required  thickness  gap,  to  pull  the  solution  over  the  poly¬ 
urethane  surface.  Coatings  were  difficult  to  produce  (with  either 
technique)  due  to  the  nonwetting  properties  of  the  silicate 
solution  on  polyurethane.  This  problem  was  greatly  alleviated  by 
using  the  higher  viscosity  silicate  solutions  such  as  K  sodium 
silicate  and  Kasil  MS  potassium  silicate.  In  a  few  instances, 
a  fine  mist  of  silicate  diluted  with  water  (1:1  by  weight)  was 
sprayed  on  the  polyurethane  surface  and  allowed  to  dry. 

The  heavier  silicate  was  then  applied  to  the  sprayed  silicate 
producing  good  wetting  characteristics.  The  silicate  coatings 
were  then  air  dried  in  a  high  humidity  environment  (>60$O  for 
several  days  until  the  coatings  had  hardened  sufficiently  for 
surface  finishing. 

Cracks  and/or  wrinkles  may  develop  as  the  silicate  drys 
depending  on  the  silicate  type,  drying  rate,  and  water  content 
of  the  coating.  Both  K  sodium  silicate  and  Kasil  MS  potassium 
silicate  were  initially  found  to  give  the  most  stable  air-dried 
coatings.  The  majority  of  the  silicate  coatings  were  made  from 
Kasil  MS  potassium  silicate  because  of  its  resistance  to  physical 
and  optical  degradation  when  exposed  to  varying  humidity  environ¬ 
ments.  Also,  the  drying  rate  must  be  low  enough  to  allow  water  to 
volatilize  slowly  or  cracking  will  result.  If  the  amount  of 
water  retained  in  the  specimen  reaches  a  critical  low,  cracking 
and  optical  degradation  will  result.  Table  II  summarizes  the 
alkali  silicate  coating  work.  Post  silicate  application  treat¬ 
ments  and  coating  evaluation  will  be  discussed  in  the  succeeding 
sections. 

c.  Curing  of  Alkali  Silicate  Coatings.  In  order  to 
produce  a  more  stable  alkali  silicate  coating  that  would  be 
relatively  insensitive  to  environmental  changes,  several  curing 
methods  were  attempted.  These  were  oven  drying,  chemical  setting, 
and  pressure  curing.  Little  success  was  achieved  because  in  most 
cases  the  optical  properties  of  the  coatings  were  severely  degraded. 

(1)  Oven  Drying  Studies.  Type  K  &  N  sodium  silicate 
and  Kasil  MS  potassium  silicate  were  subjected  to  various  time- 
temperature  cycles  as  shown  in  Table  III.  Initial  studies  were 
conducted  using  specimens  which  had  been  air  dried  for  at  least 


Table  II 


PREPARATION  OK  S1I.ICATE  CO  ATI  NOS 


Spec . 

_  gub  EAr.it  t_ 

Wo. 

Xtt* 

Hip 

8-1 

Olass  Slide 

1**3" 

8-? 

Olass  Slide 

1"*3" 

8-1 

Polycarbonate 

l"xl" 

8-5 

Polycarbonate 

1"*1" 

9-* 

Glass  Slide 

1 w  *  3" 

8-6 

Glass  311de 

i*xr 

S-7 

Olaaa  Slide 

1**3" 

fl-8 

Polycarbonate 

l"*!" 

8-9 

Polycarbonate 

l"xl" 

0-10 

Polycarbonate 

l"*!" 

5-11 

Polycarbonate 

l”xlm 

8-1? 

Polycarbonate 

l"xl" 

9-13 

Polycarbonate 

lBil" 

9-10 

Polyvinyl 

rii" 

8-15 

Butyral 

Poly vlny 1 

i-«r 

3-16 

Butyral 

Polycarbonate 

rm" 

9-17 

Polycarbonete 

3"*3" 

8- 1 8 

Polyoarbonate 

3**  K  1** 

8-19 

Polycarbonate 

l"xlH 

fl-?0 

Polyoarbonate 

rii** 

8-  J9A 

Polycarbonate 

l*xl* 

5- ho 

Polycarbonate 

l"alw 

3-hlA 

Polycarbonate 

1"*1" 

3-*»? 

Polyoarbonate 

l"xlH 

'  3- *3 

Polycarbonate 

1"*1" 

S-‘iHA 

Polycarbonate 

l"xl" 

S-»I5 

Polycarbonate 

l"xl" 

S-*6 

Poly  carbonat  e 

l"xlM 

9-87A 

Polycarbonate 

J  -  Kl" 

9-  O0A 

Polycarbonate 

rui* 

3-  09 

Polycarbonate 

3-51 

Olaaa  Slide 

1"«3* 

n-50 

Pc.  lye  arb  (mate 

r«i* 

851-65 

Polycarbonate 

r*r 

;;5i.  6 ft. 

-  Olaaa  3H«lee 

r»r 

71.  76- 

7h, 

8|-R?, 
II 0-  111 
366-67, 

Olaaa  31  Idea 

l"al" 

V-V*, 

79- ho,  hi, 
10»- 109 


_ Undercoating  Protective  Costing _ 

Bake  EbV.r 

Time  Temp,  Thickness, 

Treatment  Type _  min,  °Y  SI  1  lcate  Type  mils _ Remarks 


None 

None 

— 

. — 

N 

None 

None 

— 

— 

N 

None 

None 

_ 

... 

N 

None 

Nono 

— 

— 

N 

None 

None 

— 

... 

N 

None 

Polyvinyl 

Alcohol 

... 

r.t. 

- 

Norm 

Polyvlny  J 
Alcohol 

10 

??o 

N 

None 

Poly vl ny 1 
Alcohol 

10 

??o 

N 

5  min  In  Polyvinyl 
hydrolyx-  Alcohol 
lng  solution 

10 

??o 

5  Min  in  None 
hydrolys¬ 
ing  solution 

N 

10  min  In  Polyvinyl 
hydrolys-  Alcohol 
lng  solution 

15 

?20 

10  min  In  None 
hydrolys¬ 
ing  solution 

N 

Dip  In 
Acetone 

Polyvinyl 

Alcohol 

15 

220 

None 

None 

... 

... 

N 

None 

None 

... 

... 

N 

None 

Polyvinyl 

Butyral 

10 

200 

N 

None 

Polyvinyl 

Butyral 

10 

200 

N 

None 

Polyvinyl 

Butyral 

10 

200 

N 

Orlt 

blasted 

None 

N 

Orlt 
b 1  anted 

None 

--- 

... 

N 

None 

3M 

Bcotohweld* 

Polyurethane 

— 

R.T. 

3-  35 

None 

Polyurethane 

?'IQ 

200 

S-  35 

None 

Polyurethane 

?h0 

200 

Kan  1 1 

6 

None 

Polyurethane 

... 

R.T. 

Kaall 

6 

None 

Polyurethane 

— 

R.T. 

N 

None 

Polyurethane 

?ho 

200 

- 

Nono 

Polyurethane 

— 

R.T. 

Kaall 

6 

None 

Polyurethane 

— 

R.T. 

K 

None 

Polyurcthanr 

?ho 

200 

K 

None 

Polyurethane 

?ho 

200 

Kanl  1 

6 

None 

Polyurethane 

?h0 

200 

Kanll 

6 

Non* 

Non* 

... 

... 

Knnll 

6 

None 

Polyurethane 

... 

R.T. 

Kan  1  1 

6 

None 

General  Klwu 
NTV  10H 

81 1 1  cone 

H.T. 

Nun* 

Non* 

Nona 

mm"" 

R.T. 

Krt*  1 1 

6 

Nun* 

Nun* 

R.T. 

K 

Sodium 

M.D. 

Well  bonded 

Sodium 

N.D. 

Transparent;  well 
bonded 

Sodium 

N.D. 

Dubbly ;  poor  bond 

Sodium 

N.D. 

Transparent,  poor 
bond 

Sodium 

N.D. 

Transparent ,  well 
bonded 

None 

N.D. 

Transparent,  well 
bonded 

Sodium 

N.D, 

bubbly;  veil  bonded 

Sodium 

N.D. 

PVA  poorly  bonJed  to 
poly carbonat e 

None 

N.D. 

TVA  poorly  bonded  to 
polycarbonate 

Sodium 

N.D. 

TVA  poorly  bonded  to 
polycarbonate 

None 

N.D. 

PVA  poorly  bonded 

Sodium 

N.D. 

Sodium  Silicate  poor¬ 
ly  bonded 

None 

N.D. 

Polycarbonate  became 
gray  after  exposure 
to  acelon* 

Sodium 

N.D. 

Well  bonded;  clear 

Sodium 

N.D. 

Well  bonded;  cra-'ked 

Sodium 

N.D, 

Hubbles  under  poly¬ 
vlny  1  butyral ;  well 
bonded 

Sodium 

N.D. 

Bubble®  under  poly¬ 
vinyl  butyral;  won 
bonded 

Sodium 

N.D. 

Newer  bubbles 

Sodium 

N.D. 

Reiter  bond;  some 
diffusion  at  Inter¬ 
face 

Sodium 

N.D. 

Better  bond;  some 
diffusion  at  Inter¬ 
face 

Sodium 

N.D. 

Transparent;  a  few 
cracks  well  bonded 

Sodium 

N.D. 

Transparent;  s  few 
cracks  well  bended 

Potass lum 

N.D. 

Transparent;  a  few 
cracks  well  bonded 

Potassium 

N.D. 

Transparent ;  s  few 
cracks  well  bonded 

Sodium 

N.D. 

Transparent;  a  lew 
cracks  well  bonded 

Sodium 

N.D. 

Transparent;  many 
bubbles  well  bonded 

Potassium 

N.D. 

Transparent;  well 
bonded 

Potassium 

N.D. 

Transparent;  well 
bonded 

Potassium 

N.D. 

Transparent;  many 
bubbles  well  bonded 

Potass  1  utn 

N.D. 

Transparent ;  many 
bubbles  well  bonded 

Potassium 

N.D. 

Transparent  well 
bonded 

putans  1  utn 

N.D. 

Transparent ;  some 
cloudiness  few 
bubb  1*0 

I’cilntm  1  urn 

N.D. 

Sandwiched  between 
urethane  end  polycar¬ 
bonate  mold;  trans¬ 
parent  no  dla'crtUn 

... 

N.D. 

Tranap-n  cm  ,  a  few 
bubble*.,  poor  ad¬ 
hesion  of  silicone 

Potass l um 

N.D. 

Transparent  flltsti,  a 
Tew  trapped  air  bub¬ 
bles,  made  Tor  chem¬ 
ical  set  ling  studies 

.Sod  i  um 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  unde  for  chem¬ 
ical  setting  aludltfo 

8 


Coiit  *il  Table  II 


iipee » 
No. 


Underrating 


3ubatrate_ 


Treatment  Type 


Bake Bake 
Time  Temp » 
min.  °F 


_ Protective  Coating _ 

Thickness , 

Silicate  Type  mils 


Remarks 


386-85, 

90-91, 

98-101, 

112-113 

Olaaa  Slides 

1**1" 

None 

None 

386-89, 

96-97, 

106-5, 

116-115 

Glass  Slides 

1**1" 

None 

None 

392-95, 

102-103, 

106-107, 

116-117, 

Glass  Slides 

122 

1**1* 

None 

None 

8128-129 

Olaas  Slides 

l"xl" 

None 

None 

8130-131 

Olaaa  Slldee 

1**1* 

None 

None 

8132-133 

Olaas  Slides 

1**1* 

None 

None 

3-126-127  Olaan  Slldee 

l"xl" 

None 

None 

313*1-135 

Olass  Slides 

1**1" 

None 

None 

3176-175 

Polyoarbonate 

1**1" 

None 

None 

S 120- 121, 
123,  153- 
162,  171- 
172,  185, 
167-188, 

Polycarbonate 

196 

1**1" 

None 

3M 

Sootohweld 

Urethane 

3182. 
196-196, 
198-199, 
201,  203, 
207 

Polycarbonate 

1**1" 

None 

Oven  oured 

DuPont 

Adlprene 

100  Urethane 

8119-125, 

206 

Polycarbonate 

1**1* 

None 

JM 

Sootohweld 

Urethane 

6136-138, 

162-152, 

16U169, 

186 

Polycarbonate 

1**1* 

None 

3M 

Sootohweld 

Urethane 

8190-19), 
197,  202, 
205-206 

Polyoarbonate 

1**1" 

None 

Oven  oured 

DuPont 

Adlprene 

100  Urethane 

8110 

Polycarbonate 

1**1" 

None 

3H 

Sootohweld 

Urethane 

8122,  126  Polycarbonate 

i"*i" 

None 

3M 

Sootohweld 

Urethane 

8176-161 

Polyoarbonate 

i"*i* 

None 

3N 

Sootohweld 

Urethane 

82)0-2)2 

82)6-2)6 

Polyoarbonate 

3**3" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

3233 

Polycarbonate 

3**3" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

32)7-266 

Polycarbonate 

2**2* 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8267-255 

Polyoarbonate 

2**2* 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

3256-257 

Polycarbonate 

)“*3* 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8258-266 

Polycarbonate 

1**1" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

3265-271 

Polycarbonate 

)•*!• 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8272-276 

Polycarbonate 

2**2" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8277-201 

Polycarbonate 

1  l/2**l  1/2* 

None 

DuPont 

Adlprene 
L-100  Poly¬ 
urethane 


8202  polycarbonate  3**3"  None  DuPont 

Adlprene 
L-100  Poly- 
urethnno 

8283-266  Polycarbonate  2**2*  None  DuPont 

Adlprene 
L-100  Poly¬ 
urethane 

8269-296  Polycarbonate  2"*?*  None  DuPont 

Adlprene 
L-100  Poly¬ 
urethane 


R.T. 

N 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  made  for  chem¬ 
ical  setting  studies 

R.T. 

Kasll  1 

Potassium 

N.D, 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  made  for  chem¬ 
ical  sotting  studies 

R.T. 

3-35 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  made  for  chem¬ 
ical  setting  studies 

H.T. 

Kasll  6 

Potassium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  made  for  oven 
drying  studies 

H.T. 

K 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  made  for  oven 
crying  studies 

R.T. 

N 

Sodium 

N.D. 

Transparent  films,  a 
f*w  trapped  air  bub¬ 
ble*,  made  Tor  oven 
drying  studies. 

R.T. 

Kasll  1 

Potaaalum 

N.D. 

Transparent  films,  a 
few  trappod  air  bub¬ 
bles,  made  for  oven 
drying  studies 

R.T. 

3-35 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
ble®,  made  for  oven 
drying  studies 

— 

R.T. 

Kasll  6 

Sodium 

N.D. 

Transparent  films, 
poorly  bonded 

... 

R.T. 

Kasll  6 

Sodium 

N.D. 

Transparent,  bubble- 
free  films 

72 

212 

Kasll  6 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  well  bunded 

... 

R.T. 

K 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  well  bonded 

mmm 

R.T, 

K 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  well  bonded 

— 

R.T. 

K 

Sodium 

N.D. 

Transparent  rilms,  a 
few  trapped  air  bub¬ 
bles,  well  bonded 

— 

R.T. 

N 

Sodium 

N.D. 

Transparent  file*,  a 
few  trapped  atr  bub¬ 
bles,  well  bonded. 

R.T. 

8-35 

Sodium 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  woll  bonded 

— 

R.T. 

Kae&l  86 

Potaaalum 

N.D. 

Transparent  films,  a 
few  trapped  air  bub¬ 
bles,  well  bonded  ' 

■ 

a 

X 

Sodium 

'9-30 

■ 

a 

K  ' 

Sodium 

'5 

• 

• 

K 

Sodium 

*8-16 

Oven  drying  and 
thermal  shock  studlss 

e 

212 

Kasll  6 

Potaaalum 

'5-9 

Oven  drying  and 
thermal  shock  studies 

8 

• 

K 

Sodium 

'19 

Cold  forming  studies 

6 

Kasll  6 

Potassium 

'8-11 

Oven  drying  studies 

• 

• 

K 

Sodium 

13-23 

• 

• 

K 

Sodium 

— 

Cold  forming  studies 

e 

• 

Knell  6 

Potaaalum 

'2-6 

Oven  drying  studies 

a 

• 

Kaell  6 

Potassium 

Oven  drying  studies 

80 

212 

K 

Sodium 

*6 

Oven  drying  studies 

80 

2)2 

Kaell  6 

Potassium 

*2*6 

tVhl’tl  Tiililo  It 


Undercoa 1 1  njg _  _ Prptocllve  Coaling 

Bake  'littTTr 


flub* Irate _ 

Jin, _ 

T 5T* 

81  to 

Treatmenl 

»?9r> 

Polycarbonate 

2f,x?" 

None 

DuPont 
Adlprcne 
L-100  poly¬ 
urethane 

5?96 

Polycarbonate 

2MX?" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

b;$7 

Polycarbonate 

?"x?" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8*98 

Polycarbonate 

2"x?" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8299 

Polycarbonate 

?M*2" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8300 

Polycarbonate 

2"x?H 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8301 

Polycarbonate 

2"*2" 

None 

DuPont 
Adlprene 
L-100  Poly¬ 
urethane 

8  30? 

Polycarbonate 

2"*2" 

None 

DuPont 
Adlprene 
L-100  Poly- 
urettmne 

$303-  308, 

Lexan 

PM*2" 

None 

None 

|?10?3 

330-337 

Polycarbonate 

8J09-Jlft 

lexan 

Polyoarbonate 

2"x2" 

None 

None 

03)9-370 

Lexan 

Polycarbonate 

2"x2" 

None 

None 

D3?ft-326 

Lexan 

2"*2" 

None 

None 

333-339 
0377- J29 
J36-338 

8  399-361 

polycarbonate 

Lexan 

Polyoarbonate 

Lexan 

Polycarbonate 

2"x2M 

2”x?* 

2"x2" 

None 

None 

None 

None 

8389*  385 

Lexan 

None 

None 

8393, 

399-396 

Polycarbonate 

Lexan 

2"*2" 

None 

DuPont 

Polycarbonate 

Adlprene 

L-100 

urethane 

839e-900 

Lexan 

2"x2" 

None 

DuPont 

Polycarbonate 

Adlprene 

L-100 

urethane 

B'401-ijO? 

Lexan 

2wx2" 

None 

DuPont 

Polycarbonate 

Adlprene 

L-100 

urethane 

SftQ3-ft0ft 

Lexan 

Polycarbonate 

?"x2" 

None 

DuPont 

Adlprene 

L-100 

urethane 

5ft05-ft06 

Lexan 

Polycarbonate 

2"x?" 

None 

DuPont 

Adlprene 

L-100 

urethane 

5^33- f>3*) 

l"xlH 

l"xl" 

None 

DuPont 

Polyoarbonate 

Adlprene 

L-100 

urethane 

1**3" 

l"x3" 

None 

DuPont 

OlABi  Slide 

Adlprene 

L-100 

urethane 

ft  ft  39, 

)hx3” 

1"*3" 

None 

DuPont 

ft}9,  ft 39 

auftn  rude 

Adlprene 

L-100 

urethane 

8*0'/-  ft )  9 

Lexan 

2"x?" 

None 

DuPont 

ftl9 

Polycarbonate 

Adlprene 

L-lOf) 

urethane 

8  t*l-tii9 

Lexan 

Polyoarbonate 

I"*?" 

None 

DuPont 

Adlprene 

L-loo 

urethane 

Lexan 

2"x?" 

None 

DuPont 

Polyoarbonate 

Adlprene 

L-100 

J  Mj 

urethane 

Lexan 

2*x2H 

None 

DuPont 

i.r\ 

Polyoarbonate 

Adlprene 

L-100 

urethane 

Lexan 

Polycarbonate 

2"x2* 

None 

DuPont 

Adlprene 

L-100 

1  •»  .  . 

*  *  .  i  ,  , 

Lexan 

2"x?" 

None 

urethane 

DuTont 

1  1 

1  "ly carbonate 

Adlprene 

L-100 

t  *<t  ‘  «  1  ■  t 

lexan 

urethane 

6  *  , 

2"x?N 

None 

DuPont. 

*  f>)y<;arbonata 

Adlprene 

L-100 

*  r\ 

urethane 

Time 

Temp , 

Thickness , 

min. 

°K 

Silicate 

Type 

mils 

Remarks 

80 

21? 

K 

Sodium 

— - 

Produced  for  future 
flame  toots 

80 

21? 

K 

Sodium 

VI  ft 

Produced  Tor  future 
flame  tec  to 

80 

21? 

K 

Sodium 

M2 

Produced  for  future 
flame  tests 

80 

21? 

K 

Sodium 

M? 

Produced  for  future 
flame  tests 

80 

212 

Kasil  6 

Potaoslum 

•'•0,  5 

Produced  for  future 
flame  test® 

60 

212 

Xaall  6 

Potaaolum 

Curved  from  substrate 
during  draw  down 

80 

212 

Kaoll  6 

Potaooium 

>9 

Produced  for  future 
flame  testa 

80 

212 

Xaall  6 

Potaaolum 

Ml 

Produced  for  future 
flame  teste 

NT  Air 

Cured 

K 

Sodium 

ft-13 

Oven  drying  studies 

RT  Air 

Cured 

Kanl 1  6 

Potaaolum 

ft-  n 

Oven  drying  studies 

RT  Air 

Cured 

N 

Sodium 

6-39 

Oven  drying  studies 

RT  Air 

Cured 

Kanl 1  6 

Potaooium 

Oven  drying  studies". 

RT  Air 

Cured 

N 

Sodium 

Oven  drying  studies 

5 

212 

K 

Sodium 

ft-17 

Flame  testa  i  cold 
forming  studies 

32 

212 

K 

Sodium 

Water  rcpeUant  cost¬ 
ing  studies. 

79 

21? 

K 

Sodium 

22-26 

Flame  teats;  cold 
forming  studies 

79 

712 

K 

Sodium 

23-  3ft 

Cold  forming  studies 

79 

212 

Kanll  6 

potaoslum 

39-21 

Cold  forming  studies 

79 

21 2 

K 

Sodium 

35-73 

Flame  test;  cold 
forming  studios 

79 

212 

Kasil  6 

Potaaolum 

15-23 

Cold  forming  studied 

RT  Air 

Cured 

K 

Sodium 

61-63 

Adhesion  studies 

• 

• 

Kaoll  6 

Potaaolum 

- 

Future  oven  drying 
studios 

• 

• 

K 

Sodium 

Future  oven  drying 
studies 

n 

21? 

Kanll  6 

Potnne lum 

19-19 

Protective  coating 
a  turtle n 

3? 

212 

Kaoll  6 

Potassium 

19-16 

Cold  forming  studios, 
pfotect lve  coating 
studies 

79 

21? 

Kanll  6 

Potassium 

23-25 

Transmittance  studies 

79 

21? 

K 

Sodium 

.... 

Protective  coating 
studies 

96 

21? 

Kaoll  6 

potaooium 

ft7 

Protective  coating 
etudl  <*s 

79 

21? 

K 

Sodium 

?0-ft9 

Cold  forming  studios; 
protective  coating 
studies 

79 

21? 

Knell  6 

Potaan lum 

3? 

Cold  forming,  pro¬ 
tective  coating,  and 

transmittance  studies 


Threat  went 
Nona 


til'd  Vubltf  11 


Jtpec.  gug-jMM 

Wo.  Typo  ~  .-_  SAl£I 

3*93-494  Lexsn  ?"*?* 

Polycarbonate 


3476-479  Lexan  2^x2" 

Polycarbonat* 


S46O-<*08  Lexan  2"*2" 

Polycarbonat* 

8461,  Lexan  2"*r 

463,  465  Polycarbonat* 

8495-49$  Lexan  2*,*2" 

519-52$  Polycarbonat* 

8503-505  Lexan 
508-509  Polycarbonat* 

8497-502,  L*xan  *"**" 

Polycarbonat* 

8504,  Lexan  J*x6" 

506-507,  Polycarbonat* 

510 

8527-528  O.B.  Lexan  2',x2,, 

5)1  Polycarbonat* 

8532-540  0.E,  L*xan  2"x2" 

Polycarbonat* 

8541-5$0  O.B.  Uxan  2"x2" 
Polycarbonate 

8573-57$  0.8.  Uxan  2"*2" 

Polycarbonate 

8560-562  O.B.  Uxan  2**2" 

563  polycarbonat* 

8565-59$  O.B.  Uxan  2"x2" 

Polycarbonate 

8595  Uxan  l/2"x3  1/2" 

Polycarbonat* 

859$  Uxan  l/2"*3  1/2" 

Polycarbonat* 

3597  Uxan  3**6" 

Polycarbonat* 

3598  Uxan  3"*$" 

Polyoarbonat* 

8599  Uxan  2"x2" 

Polycarbonat* 


8600  Uxan  2"*2"  None 

Polycarbonat* 

8$01  Uxan  2"x2*  Mona 

Polycarbonate 

8$02  Uxan  l"xl"  Non* 

Polycarbonat* 

0$0)  Uxan  t"«2"  Hono 

Polycarbonat* 

8604  Uxan  2"«t"  Nona 

Polycarbonat* 

8613,  Polycarbonat*  1  l/2"xl  1/2"  Non* 

615,  616, 

616 

8620,  Poly*arbonai*  10" 1 10*  Non# 

623,  675 
626 

8644,  pely carbon* to  I  l/2"xl  1/1"  Non* 

643-646 

1641a  Polyoarbonat*  1  i/l"«l  1/2*  Non* 


Undorcoatlng 

Bake 

Time 


Protective  Coating _ 

Thlcknea* , 


DuPont 

Adlprene 

t-100 

urethane 

DuPont 

Adlprene 

L-100 

urethane 

DuPont 

Adlprene 

L-100 

ur*than* 

DuPont 

Adlpr*ne 

L-100 

urethane 

DuPont 

Adlpren* 

L-100 

urethane 

DuPont 

Adlpr*n* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpr*n* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

ur*than* 

DuPont 

Adlpren* 

L-100 

urethan* 

DuPont 

Adlpron* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

wr*than* 

DuPont 

Adlpren* 

L-100 

urethan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpron* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpron* 

L-100 

urathan* 

DuPont 

Adlpron* 

woo 

.urethan* 

DuPont 

AOiprene 

L-100 

urethan* 

DuPont 

Adlpron* 

L-100 

urothons 

DuPont 

Adlpren* 

L-100 

urathan* 

DuPont 

Adlpron* 

L-100 

urethan* 

DuPont 

Adlpren* 

L-100 


FRP-'.,  . 

60 

212 

Basil  6 

-  — 

Potassium 

30 

Frotectlvt  costing 
studies 

5 

212 

Basil  6 

Potassium 

19-35 

Protective  costing 
studies 

5 

212 

K 

Sodium 

45 

Protective  coating 
and  transmittance 
studies 

32 

212 

K 

Sodium 

Cold  forming  pro¬ 
tective  coating,  and 
transmittance  studies 

72 

212 

Ksell  6 

potassium 

36-42 

Cold  forming  studies; 
protective  coating 

72 

212 

Basil  6 

Potassium 

18-39 

flame  propagation 
studies 

72 

212 

B 

Sodium 

20-77 

Vacuum  studies 

72 

212 

B 

Sodium 

35-53 

flams  propagation 

teats 

72 

212 

Basil  6 

Potassium 

29-64 

Protective  coating 
studies 

72 

212 

Basil  6 

Potassium 

15-35 

proteotivs  costing, 
O.V.  stability,  and 
weight  loss  studies 

72 

212 

Basil  6 

Potassium 

24-35 

U.V.  stability  and 
protective  costing 
studies 

72 

212 

Basil  6 

Potassium 

15-39 

Protective  costing 
studio 

72 

212 

Basil  6 

Potassium 

IT 

Protective  costing 
studies 

72 

1  212 

Booll  6 

Potassium 

16-15 

flexural  *tr*ngth  and 
protective  coating 
studies 

72 

212 

Basil  6 

Potassium 

22 

flexural  tost 

72 

212 

Basil  6 

Potassium 

23 

floxural  test 

T2 

212 

Basil  6 

Potassium 

19 

Sent  to  NASA  for 
flam*  propagation 

teats 

72 

212 

Booll  6 

Potassium 

17 

Sent  to  NASA  for 
flam*  propagation 

tests 

72 

212 

Basil  6 

potaeslUm 

20 

Sent  to  NASA  for 
flamo  propagation 

:tooto 

72 

212 

Basil  6 

Potassium 

13 

Sent  to  NASA  for 
flam*  propagation 

test* 

72 

212 

Basil  6 

Potassium 

It 

8*nt  to  NASA  for 
flam*  propagation 

teats 

72 

111 

Basil  6 

Potassium 

to 

gent  to  NASA  for 
flame  propagation 
toota 

71 

111 

Basil  6 

Potassium 

21 

Sent  to  NASA  for 
flamo  propagation 

toots 

72 

212 

Booll  6 

Potassium 

21 

lent  to  NASA  for 
noma  propagation 
toot* 

50 

200 

Booll  6 

Potassium 

*•5-9*0  Xaraat  toots 

50 

200 

Booll  6 

Potassium 

».»*»« 

Sent  to  NASA 

50 

200 

B 

Sodium 

31-46 

Impact  teats 

50 

200 

B 

Sodium 

>!•]( 

U.V.  stability 

11 


I 


"i«  n 


Spec. 

Substrate 

No, 

Type —  _ 

TS ST 

Treatment 

S*50-6$5 

Polycarbonate 

1  1/2"*1  1/?" 

None 

660,  6 ti 

Polycarbonate 

lO-xlO* 

None 

<•  656- 

66* , 

6t6 

8669-67? 

Polycarbonate 

lO^xlO" 

None 

S67  l 

Polycarbonate 

10"xl0* 

None 

0675 

Polycarbonate 

10"xl0" 

None 

Undercoat lng  Protective  Coating 


6ake  " 

Dike 

Time 

Temp, 

Thickness 

Type 

min , 

op 

silicate 

Type 

ml  Is 

DuPont 

Adlprene 

L-100 

urethane 

50 

200 

Kasil  6 

Potassium 

N.D. 

*-27 

Duront 

Adlprene 

L-100 

urethane 

50 

200 

Kanll  6 

Potassium 

DuPont 

Adlprene 

50 

200 

K 

Sodium 

17-27 

U100 

urethane 

DuPont 

Adlprene 

50 

200 

Knoll  6 

Sodium 

27 

1-100 

DuPont 

50 

200 

Kaall  6  ‘ 

Sodium 

6 

Adlprene 

1-100 

*  Scotehweld  EC  3515 
R.T.  •  room  temperature 

All  allicate  supplied  by  Philadelphia  Quarts  Co. 

Polyurethane :  Sootchweld  KC  J515 

Polyvinyl  Alcohol:  Klvanol  70-05  (low  mol.  wt.) 

Polyvinyl  Dutyral:  Monsanto  Company 

MOCA  Hardener:  ** A’-methy lene-ble-2-chloroani line 


_ Remarks 

Impact  tests 

Sent  to  NASA 

Sent  to  NASA 

Sent  to  NASA 

Sent  to  NASA 


Tablo  III 

OVEN  DM  Y I  NO  OF  SILICATE  COATINOS 


Protective  Coating 

Coating 

ftpee. 

Numl'cr 

120 

Bubotrate 

Undercoat lng _ 

EC  1535  (3M) 
Scotch** Id 
Urethane 

SUIS _ 

Knell  6 

Silicate 

Potaaalum 

Time t  hp. 

.5 

.5 

“*GftVo 

Tcmr.  °K 

Thickness 
ml  la 

Appearance 

_ 

|’oly  carbonate 

K.T.* 

100 

150 

N.D. 

Tranaparent  film 

No  change 

No  change 

.5 

200 

Whit*  Iran* lucent  film 

i?3 

Polycarbonate 

EC  1535  (3M> 

Scotohweld 

Urethane 

Kaall  6 

Potoaolum 

.5 
*  5 
.5 

H .  T .  • 

100 

150 

200 

N.D. 

Transparent  film 

No  change 

No  change 

Small  scattered  bubbles 

128 

Olaaa 

None 

Kao  11  6 

Potaoolum 

18 

125* 

1?5 

M9 

Transparent  film 

No  change 

22 

150 

No  change 

2 

175 

Transparent ,  no  bubbles  or 
cracks 

12* 

Olaaa 

None 

Kasll  6 

Potaaalum 

18 

1?5* 

125 

M9 

Tranaparent  film 

No  change 

2? 

150 

No  change 

2 

175 

Transparent,  no  bubbles  or 
cracks 

in 

Polyoarbonate 

EC  1535  (3M) 

Scotchweld 

Urethane 

Kaall  6 

Potaaalum 

1 

21 

R.T.  • 

100 

125 

■wH 

Tranaparent  film 

No  ohange 

Hany  small  bubbles;  good 
adhesion 

17? 

polycarbonate 

EC  1535  (3M) 

WGOtchwe Id 
ttrr't  h  anc 

Knoll  6 

Potaaalum 

1 

21 

R.T.* 

100 

125 

xU 

Transparent  film 

No  change 

Many  small  bubbles,  good 
adhesion 

17* 

Polycarbonate 

None 

Kaall  ft 

Pot  anal urn 

1 

H.T.  * 

100 

N.D. 

Transparent  film 

No  ohange 

21 

125 

No  bubbles;  poor  adhesion 

m 

Polycarbonate 

Nona 

Kaall  6 

Potaaelum 

1 

K.T.* 

100 

N.D. 

Tranaparent  film 

No  ohange 

21 

1?5 

No  bubbles;  poor  adhealon 

18ft 

>(»  ♦«"* +"*  nnat  • 

EC  1535  <  3M) 

Scotchweld 

Urethane 

Kaall  6 

Potaaalum 

28.5 

16 

119* 

11? 

198 

M5 

Tranaparent  fJLim 

Bubbles 

Bubble# ,  white  area,  eraoka 

187 

Polycarbonate 

EC  1535  (3M) 

hcotchweld 

Urethane 

Kaall  6 

Potaaalum 

28.5 

16 

1 19* 

198 

'13 

Tranaparent  film 

Bubble# ,  crack# 

Bubble#,  cracks,  white  area 

188 

polycarbonate 

EC  1535  OH) 

Scotohweld 

Urethane 

Kaall  6 

Potaaalum 

28.5 

16 

1 19* 

119 

198 

*9 

Tranaparent  film 

Bubbles,  cracks' 

Bubbles,  cracks',  white  area 

195 

Polycarbonate 

DuPont 

Adlpreno 

L-100  Urethane 

Kaall  fi 

Potaaalum 

19 

16 

8 

10H« 

10H 

118 

126 

%12 

Tranaparent  film 

Bubbles,  transparent 

No  change 

No  ohange 

19 

158 

Bubbles,  cracks 

196 

Polycarbonate 

DuPont 

Adlpreno 

L-100  Urethane 

Kaall  6 

Potaaalum 

19 

16 

6 

10H* 

10H 

110 

126 

'13 

Tranaparent  film 

Bubbles,  transparent 

No  change 

No  change 

19 

158 

Bubbles,  cracks 

203 

Polycarbonate 

DuPont 

Adlprene 

L-100  Urethane 

Kaoll 

Potaaalum 

.5 

Hi 

52 

R.T.  • 

125 

125 

123» 

'5 

Tranaparent  film 

No  change 

Cracks,  no  bubbles 

No  change;  removed 

119 

Polyoarbonate 

EC  1535  OH) 

Sootohweld 

Urethane 

K 

Sodium 

.5 

.5 

M9 

100* 

150 

200 

'39 

Transparent  film 

No  chango 

Large  bubbles 

no 

Olaaa 

None 

ft 

Sodium 

18 

119* 

125 

N.D. 

Tranaparent  film 

No  change 

'22 

'  150 

No  chain*.* 

2 

175 

No  bubble#  or  cracks 

m 

0)111 

None 

K 

Sodium 

100* 

125 

N.D, 

Transparent  film 

No  change 

22 

150 

No  ohange 

2 

175 

tracks,  no  bubbles 

19? 

Polyoarbonate 

DuPont 

Adlprene 

L-100  Urethane 

K 

Sodium 

2.5 

21 

26 

H .  T .  • 

100 

150 

180 

v)5 

Transparent  fl In 

Some  edfe*  cracks  and  bubble 

No  change 

No  change,  removed 

90? 

Polycarbonate 

DuPont 

Adlprene 

L-100  Urethane 

K 

Sodium 

.5 

Hi 

52 

R.T.* 

125 

125 

125 

'19 

Transparent  film 

No  change 

Cracks,  no  bubbles 

No  change,  removed 

118 

Polyoarbonate 

EC  1535 

Sootohweld 

Urethane 

N 

Sodium 

.5 

.5 

.5 

R.T." 

100 

15» 

200 

*?H 

Transparent  film 

No  change 

No  change 

Large  bubbles,  teat 
terminated 

13? 

Olaee 

None 

N 

Sodium 

18 

125* 

125 

*7 

Tranaparent  film 

No  change 

22 

150 

No  ohange 

2 

175 

Cracks,  transparent 

13) 

Qlaee 

None 

N 

Sodium 

18 

125* 

125 

*16 

Transparent  film 

No  ohange 

22 

150 

No  nhenge 

2 

175 

Cracks,  transparent 

12? 

Polycarbonate 

EC  1515  OH) 
Soot  chwr )  (1 

#-  35 

Sodium 

.5 

100* 

150 

N.D. 

Transparent  film 

Uret  hum* 

»5 

160 

No  change 

.5 

170 

No  change 

12* 

l'oly»'nrtM»na|  e 

EC  1535  OH) 
Wool  rhw«  Id 

Urn thane 

It- 35 

Mod turn 

.5 

.5 

100* 

100 

150 

N.D. 

Transparent  film 

No  change 

Cracks  and  bubbles 

13 


DrttWKw-w.wi 


fable  HI 


Hi» •*(; . 

1  J** 

135 

176 

180 

r\?h?A 

R'MjA 

s?^7A 

9?A9A 

3?60A 

S261A 

8?65A 

3?66A 

8?07A 

S29'<A 

SJOA 

S309 

8307 

8309 

831 V 

S3H 

83J5 

8317 

8319 

8303 
8  306 
8  30® 
8  310 
8  311 

8313 
s  n6 
8  318 
11 1?<l 

nm 

f»3?2 
81?  3 

:mi 


flubat  rot  p 

yiuierovftA.lM . 

. 

tllaas 

None 

8-  35 

01  as  a 

None 

8-35 

Polycarbonate 

EC  1535  (3M) 

Scotchweld 

Kasll  86 

Urethane 

Polycarbonate 

EC  1535  (3M) 

Scotchweld 

Knell  86 

Urethane 

?"«?"L#xan 

polycarbonate 

DuPont 

Adiprene 

L- 1 00  Urethane 

K 

?*a?"  I-eaan 
Polycarbonate 

DuPont 

Adiprene 

L-loo  Urethane 

K 

?*x?”  Lexan 

DuPont 

Kr.11  6 

Polycarbonate 

Adiprene 

L-100  Urethane 

?"/?"  I«x*n 

DuPont 

Kao  11  6 

poly  carbonate 

Adiprene 

L-100  Urethane 

2*x2M  Lexan 
polycarbonate 

DuPont* * 
Adiprene 

L-100  Urethane 

Kasll  6 

?*%>*  Lexan 
Polycarbonate 

DuPont •• 
Adiprene 

L-100  Urethane 

Keell  6 

?"x2*  Lexan 

DuPont *■ 

K 

Polycarbonate 

Adiprene 

L-100  Urethane 

2«x?"  Lexan 

DuPont** 

K 

Polycarb onate 

Adiprene 

L-100  Urethane 

2"x?H  Lexan 

DuPont 

K 

Polyoarbonate 

Adiprene 

L-100  Urethane 

2,,x?"  Lexan 

DuPont 

Kn.il  6 

Polycarbonate 

Adiprene 

L-l 00  Urethane 

?*x?"  Lexan 
Polycarbonate 

None 

K 

?nx?*  Lexan 
Polycarbonate 

None 

.  K 

2"x2*'  Lexan 
Polycarbonate 

None 

K 

2"x2"  Lexan 
Polycarbonate 

None 

Kasll  6 

?Hx2M  I#exaii 
Polyoarbonate 

None 

Kaall  6 

2"x2"  l/oxan 
Polycarbonate 

None 

Kasll  6 

2"x2"  I MtM\ 
Polyoarbonate 

None 

N 

2nx?"  Lexan 
Poly  carbonate 

None 

N 

?**?*  Lexan 
Polycarbonate 

None 

N 

?Mx2"  Lexan 
Polycarbonate 

None 

K 

?Hx?M  Lexan 
Polycarbonate 

None 

K 

2* xi'"  Lexan 

Polycarbonate 

None 

K 

?*x?M  Lexan 

Polycarbonate 

None 

Knnl 1  6 

?Hx2"  Lexan 
Polyoarbonat  e 

None 

Kaall  6 

Lexan 

Polycarbonate 

None 

Knell  f 

Lexan 

Poly  carbonate 

None 

N 

2Mi2"  l4>xon 
pulycarbonate 

Norte 

N 

P*'*?"  Lexan 
Polyoarbonate 

None 

N 

?Mx2"  L*xan 
Polycarbonate 

None 

X 

2wx?"  Lexan 
Polycarbonate 

None 

K 

?Hx2M  Ji«*xan 

None 

K 

Polycarbonate 


Protective  CoftUilK 

Coni  Inf. 

TTafie 

Thl  iikneitB 

81  IJcnie 

TUvu-tau. 

_ »U.b  .  . 

Sodium 

i  19* 

M2 

10 

125 

2? 

150 

2 

175 

Sodium 

119* 

M3 

18 

125 

23 

150 

2 

175 

Potassium 

no* 

-3 

17 

no 

7 

136 

25 

156 

Potassium 

no* 

%8 

17 

no 

7 

136 

25 

156 

Sodium 

.5 

100 

*v8 

.5 

150 

*5 

208 

Sodium 

.5 

100 

%8 

.5 

150 

.5 

20fl 

Potassium 

.5 

100 

*7 

.5 

150 

.5 

208 

Potassium 

.5 

100 

*7 

.5 

150 

.5 

20B 

Potaoelum 

.5 

100 

M7 

.5 

150 

.5 

205 

Potassium 

.5 

100 

M3 

.5 

150 

.5 

205 

Sodium 

•  5 

100 

N.D. 

.5 

150 

♦  5 

205 

Sodium 

.5 

100 

N.D. 

.•5 

150 

.5 

205 

Sodium 

.5 

100 

N.D. 

.5 

150 

.5 

200 

Potassium 

»5 

100 

N.D. 

.5 

150 

.5 

200 

Sodium 

Room  Temperature 

5  mils 

Sodium 

Room  Temperature 

10  mile 

Sodium 

Room  Temperature 

20  mils 

Potassium 

Room  Temperature 

5  mllft 

potassium 

Room  Temperature 

10  mllft 

Potassium 

Room  Temperature 

20  mllft 

Sodium 

Room  Temperature 

5  mils 

Sodium 

Room  Temperature 

10  mile 

Sodium 

Room  Tempo rnturo 

20  ml  Is 

Sodium 

20 

no 

5  milo 

Sodium 

20 

no 

10  ml  1 c 

Sodium 

20 

no 

20  milo 

Pot nns lum 

20 

no 

5  ml  In 

P  o  t  ft  ft  B 1 um 

20 

no 

10  mllft 

Potassium 

20 

no 

20  mils 

Sodium 

20 

no 

5  mllft 

Sodium 

*0 

no 

10  ml  Is 

fjodlum 

?0 

110 

20  mll*i 

Sodium 

20 

150 

5  mi  i» 

Sodium 

20' 

J5« 

10  milo 

Sodium 

20 

15® 

20  ml  1  ft 

. Appear oMvr .  . 

Transparent  H  lro 
No  Oban#* 

No  oahnfto 

Crflokti,  transparent 

Transparent  film 
No  change 
No  change 

CrackB,  transparent 

Transparent  film 
No  change 
No  change 

Microcracka,  bubbler 
Transparent  film 
No  change 
No  change 

Mi  erncraekn 9  bubbles 
A  few  dispersed  bubbles ; 
alight  removable  ha Be 

A  Tew  dispersed  bubbles 
Bhlfl  removable  phase 

No  bubbles;  Might 
crowing 

No  bubblcaj  Might 
o rawing 

A  few  dlnparpftd  bubbler-. 


A  few  disparted  bubbles 


Many  bubb  lea 


Many  buhblna 


Essentially  no  bubbler; 
olSght  removable  hare 

EsnonUnlly  no  bubbles; 
craved  Rurfnce 

Initially  acceptable  {nnseoth 
and  transparent )  but  cracked 

later. 

Initially  acceptable  (rmooth 
and  transparent)  but  cr naked 
Jeter. 

Initially  acceptable  (amooth 
end  transparent.)  but  cracked 

inter. 

Initially  acceptable  (smooth 
and  trmnpn.ront )  but  crneHofi 
1  fit  or . 

Initially  acceptable  (uraooth 
end  transparent)  but  cracked, 
later. 

Initially  acceptable  (smooth 
end  transparent )  but  cracked 

lfttor. 

Initially  'accept able  (smooth 
end  transparent)  but  cracked 
later. 

Initially  acceptable  (smooth 
and  trnniipaiT.nl)  but  cracked 
1  a  t  e  s' . 

Initially  acceptable  ( smooth 
and  trftnopnrmit)  but  cracked 
Inter . 

Cracked;  iuw*'  bubbles;  period 

orr. 

Crocked s  Many  bubbles;  some 
pooling  off. 

Cracked;  Many  bubbles;  some 
pee  ling  off . 

Crooked,  «  little  pee  U  nr  off 

Crooked;  some  bubbAua;  very 
little  pee  Hup:  off. 

Cranked;  for  bubble n. 

Crncked;  purling  off 

Crnokwd;  mit'c  bytits  ?r*- ;  pee  Hr 

orr. 

Crocked,;  f-'Ts-  b-ibbU'o;  peelln 

off, 

Cracked  ;  ^ tiuMd-ff  . 

Crocked many  bubbles. 
Crocked,  mr ny*  b ut a r , 


cant'd  Tub  la  XH 


Spec. 

Number 

S3?<< 

Substrate 

Type 

Undercoating 

Type 

Protective  Coating 
Bake 

Silicate  Time.  hr. 

HIES - 

Costing 
Thickness 
ml  Is 

2"*?"  Lex an 
Polycarbonate 

None 

Kao  11 

6 

Potassium 

20 

150 

5  mils 

S3** 

2"x2*  Lexan 
Polycarbonate 

None 

Kaall 

6 

Potassium 

20 

150 

10  mils 

3  3*6 

?"x2"  Lexan 
Polycarbonate 

None 

Kasll 

6 

Potassium 

20 

150 

20  mils 

3327 

2"x2M  Lexan 
Polycarbonate 

None 

N 

Sodium 

20 

150 

5  mils 

83*6 

2"x2"  Lexan 
Polycarbonsta 

None 

N 

Sodium 

20 

150 

10  mils 

33*9 

?"x2"  Lexan 
Polycarbonate 

None 

N 

Sodium 

20 

150 

20  mils 

8330 

2"x?"  Lexan 
Polycarbonate 

None 

X 

Sodium 

20 

200 

5  mils 

8311 

2"x?"  Lexan 
Polycarbonate 

None 

K 

Sodium 

*0 

200 

10  mils 

833* 

2"x?"  Lexsn 
Polycarbonate 

None 

K 

Sodium 

20 

200 

20  mils 

8333 

2"x2"  Lexan 
Polycarbonate 

None 

Kasll 

6 

Potassium 

20 

200 

5  mils 

833* 

P"*?"  Lexan 
Polycarbonate 

None 

Kasll 

6 

Potassium 

20 

200 

10  mils 

8-335 

?"x2"  Lexan 

None 

Kasll 

6 

Potassium 

20 

200 

20  mils 

8336 

2"x2"  Lexan 
Polycarbonate 

None 

N 

Sodium 

20 

200 

5  mils 

3337 

2"x?*  Lexan 
folyoarbonate 

None 

M 

Sodium 

to 

200 

10  mils 

8-338 

2"x?"  Lexan 
Polycarbonate 

None 

N 

Sodium 

20 

200 

20  mils 

N.».  *  Mot  Determined  4u#  to  degradation  of  tho  specimen 
•Temperature  at  entry  Into  even 

••tMH  pslywrethmne  underrating*  war#  room  terpsratur#  air  ourad 


_ _ Appearance _ 

Some  cracks;  few  bubbles. 

Some  cracks;  few  bubbles. 

Few  cracks;  many  bubbles. 

Cracked;  few  bubbles;  some 
peeling  off. 

Cracked;  some  bubbles ;* some 
peeling  off. 

Cracked;  many  bubbles 

Many  bubbles. 

Many  bubbles* 

Msny  small  bubbles. 

Coating  white,  Opaque,  and 
blistered. 

Costing  white,  opaque,  and 
blistered. 

Coating  white,  opaque,  and 
blistered. 

Many  bubblta. 

Many  bubbles. 

Msny  large  bubbles. 
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one  day.  In  this  case,  a  large  proportion  of  the  water  contained 
In  the  silicate  had  evaporated  prior  to  thermal  curing.  In  most 
cases,  bubbling  was  observed  after  short  exposure  to  temperatures 
above  175°F  and  after  long  exposure  to  100°-125°F.  The  absence  of 
bubbling  in  the  silicates  (made  on  glass)  indicated  the  possi¬ 
bility  of  some  out-gassing  of  the  polycarbonate/urethane.  However, 
various  specimens  made  with  high  temperature  cured  urethane  under- 
coatings  specimens  192,  19^j  195,  196,  202,  203  did  not  appear 
appreciably  better  than  those  on  uncured  polyurethane.  In  most 
cases,  bubbling  was  observed  indicating  the  presence  of  water  vapor 
Inside  the  coating.  Apparently,  a  watertight  outer  film  forms 
during  air  drying  and  prevents  the  volatilization  of  water  from 
inside  of  the  coating. 

Subsequently,  a  second  study  was  conducted  using  specimens 
coated  only  with  silicate.  The  specimens  were  placed  in  a  pre¬ 
heated  oven  at  110°F.  However,  cracking  and/or  bubbling  occurred 
In  each  silicate  coating.  It  is  apparent  that  water  retention  is 
critical  in  order  to  maintain  a  good  coating.  This  can  be 
observed  with  air-dried  films  which  are  allowed  to  remain  in  a  low 
humidity  environment  as  well  as  with  oven-dried  specimens.  Crack¬ 
ing  and  fogging  are  observed  when  the  water  content  of  the  coating 
falls  below  a  minimum  value.  It  does  not  appear  that  fluctuations 
in  the  oven-curing  time  can  be  used  to  Improve  this  method. 

(2)  Chemical  setting  agents.  A  brief  study  was 
made  to  determine  the  feasibility  of  rendering  the  silicate  film 
surface  insoluble.  Various  silicate  films  were  applied  to  glass 
slides  and  allowed  to  air  dry.  The  chemical  setting  agents  were 
applied  from  an  aqueous  solution  (1  part  H20  to  1  part  agent  by 
weight)  to  the  surface  of  the  silicate.  The  results  of  this  study 
are  shown  in  Table  IV.  In  most  cases,  the  silicate  surface  was 
made  either  opaque  or  cloudy.  The  unaffected  silicates  were 
tested  for  water  resistance  and  found  to  be  soluble. 


Table  IV 


EFFECT  OF  CHEMICAL  SETTING 


ON  SILTCATE  FILM  SURFACES 


Silicate  Type 


Setting 

Agent 

Ff - 

Sodium 

Silicate 

- 

Sodium 

Silicate 

k 

Sodium 

Silicate 

Ra'sin — 

Potassium 

Silicate 

Kasil  b 
Potass I urn 
Silicate 

Borax 

Cloudy 

Cloudy 

Cloudy 

Unaffected 

Unaffected 

NaB02 

Unaffected 

Cloudy 

Unaffected 

Unaffected 

Unaffected 

Mg  So., 

White 

White 

Cloudy 

Cloudy 

Unaffected 

Al?  (SO,,  )3 

Cloudy 

White 

Cloudy 

White 

White 

1.6 


(3)  Pressure  Curing  of  Silicate  Coatings.  In  order 
to  observe  the  effect  of  pressure  on  the  silicate  coatings  under 
investigation,  a  rnetallographic  pressure  curing  chamber  at  Mound 
Laboratory,  Miamisburg,  Ohio,  was  utilized.  This  pressure  chamber 
(of  Monsanto  design)  was  evacuated  by  a  vacuum  pump  and  then 
pressurized  with  argon.  Although  the  pressure  can  be  varied  from 
0-3000  psi ,  the  pressure  in  the  present  work  was  maintained  at 
800  psi.  The  chamber  temperature  was  held  constant  at  131°F  by 
means  of  a  Variac-controlled  winding. 

Two  sets  of  samples  were  run  in  this  pressure  experiment. 

One  set  was  exposed  in  the  pressure  chamber  for  3  1/2  hours.  Then 
the  most  promising  specimens  were  prepared  again  and  cured  over¬ 
night.  The  results  of  these  two  runs  are  presented  in  Table  V. 

The  silicate  liquids  used  in  this  work  were  Kasil  6,  Kasil  1, 

Kasil  88,  Kasil  6  +  0.2%  Sterox,  and  Kasil  6  +  0.2%  isopentylamine . 
Sterox  and  isopentylamine  are  surfactants  and  were  included  in 
this  study  hopefully  to  improve  the  wetting  characteristics  of 
the  silicate  liquid,  giving  a  better  bond  to  the  substrate.  In 
all  cases,  the  silicate  liquid  was  applied  to  either  an  uncoated 
or  a  polyurethane-coated  polycarbonate  substrate.  Following  the 
curing  time  in  the  pressure  chamber,  the  samples  were  air  dried 
overnight  and  subsequently  dried  overnight  in  a  recirculating 
oven  at  150°F.  This  drying  caused  deterioration  of  every  sample, 
inducing  more  bubbles,  milkiness,  and  some  curling  of  the  silicate 
coating. 

The  desired  effect  of  this  pressure  mounting  was  to  induce 
better  bonding  of  the  silicate  liquid  to  the  respective  sub¬ 
strates.  This  effect 'was  not  observed;  every  coating  was  still 
soft  after  curing  under  pressure.  Apparently,  the  pressure  in 
the  chamber  was  detrimental  to  the  curing  of  the  silicate  coatings. 
AH  of  the  water  in  the  silicate  could  not  escape  to  allow  complete 
curing  of  the  coatings  as  a  rigid  film;  hence,  coatings  remained 
in  a  plastic  state. 

d.  Cold  Forming  and  Polishing  of  Silicate  Coatings. 

In  most  cases,  further  surface  finishing  was  required  to  eliminate 
optical  distortion.  Two  methods  have  been  attempted  to  achieve 
this.  The  first  method  utilizes  the  cold  flow  properties  of  the 
silicate.  Air  dried  silicates  tend  to  increase  in  hardness  with 
age  because  of  water  loss.  After  about  24  hours  at  50*  relative 
humidity,  the  coatings  are  hard  enough  to  handle  without  leaving 
fingerprints.  Under  pressure,  however,  the  films  will  flow.  If 
a  polycarbonate  sheet  with  minimum  op’ leal  distortion  is  placed  on 
the  silicate  coating  and  pressure  th-  applied,  the  silicate 
surface  will  conform  to  the  polycarb  <te  and  form  an  optically 
flat  surface.  Preliminary  cold-form  i  .:g  studies  were  made  using 
thick,  type  K,  air-dried  silicate  coatings.  Pressing  time  and 
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PRESSURE  MOUNTED  SILICATE  COATINGS 
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S-22^  Polycarbonate  l"xl"  none  Kasil  1  17  131  some  big  bubbles;  poor  bond 

S-225  Polycarbonate  l"xlB  Polyurethane  Xasil  1  17  131  aar.y  bubbles;  poor  bond 


ram  force  were  varied  in  order  to  determine  their  effect.  The 
silicate  coatings  formed  for  a  short  time  under  high  pressure 
tended  to  lose  adhesion  along  the  edges.  Improved  coating  adhesion 
was  obtained  using  a  long  pressing  time  and  low  pressure.  However, 
the  pressed  coatings  tended  to  experience  surface  changes  after 
several  days,  indicating  the  presence  of  residual  stresses. 

Additional  coatings  made  from  both  K  sodium  silicate  and  Kasil  6 
potassium  silicate  produced  similar  results.  A  summary  of  pressing 
conditions  and  results  is  shown  in  Table  VI.  Figure  1  shows  the 
degree  of  distortion  of  a  cold-formed  coating  when  compared  to  the 
uncoated  polycarbonate,  urethane  coated  polycarbonate,  and  drawn 
silicate,  urethane-polycarbonate  system.  The  slight  distortion  of 
the  grid  lines  for  the  cold-formed  coating  Indicates  the  specimen 
is  somewhat  distorted  probably  due  to  residual  stresses  in  the 
coating . 

The  second  method  involved  surface  polishing.  The  coatings 
were  either  placed  on  a  rotating  lap  and  sanded  using  an  ethanol 
coolant  or  block  sanded  both  manually  and  mechanically.  The 
primary  difficulty  encountered  was  overheating  and  subsequent 
bubbling  of  the  silicate.  This  problem  was  eliminated  by  care¬ 
fully  controlling  the  sanding  rate. 

The  best  results  were  obtained  by  block  sanding  with  Luna 
Pregrinder  320  and  ^00  grit  papers,  respectively.  The  resultant 
coatings  were  translucent.  When  protective  coatings  of  polymers 
were  applied,  the  transparency  of  the  silicate  was  recovered, 
yielding  a  transparent  panel  free  of  distortion. 

e.  Water  Repellent  Coatings  for  Alkali  Silicates.  Early 
in  the  program,  the  need  to  prevent  the  silicate  from  degrading  due 
to  humidity  variations  was  observed.  Various  attempts,  e.g.,  by 
oven  drying,  etc.,  were  made  to  physically  change  the  silicate. 
Finally,  an  attempt  was  made  to  apply  a  moisture  barrier  film  over 
the  silicate  in  order  to  both  retain  the  water  contained  in  the 
specimen  and  to  prevent  the  absorption  of  water  from  the  atmosphere. 
Usually  the  coatings  were  air  dried  until  they  were  hard  enough  to 
be  sanded.  Immediately  after  sanding  the  protective  coating  was 
applied .  Eleven  commercial  polymers  were  selected  for  use  as 
possible  water  repellant  films  on  silicate.  These  are  shown  in 
Table  VII.  Materials  were  selected  for  transparency,  ease  of  appli¬ 
cation,  and  water  vapor  permeability. 

The  best  results  were  obtained  with  DuPont  Duco  polystyrene 
and  Hughes  Chemical  Co.  Chemglaze  polyurethane.  The  coatings  produced 
^/•p/rans^ai'ent  with  minimal  bubbling  or  surface  distortion.  Some 
difficulty  was  encountered  in  attempting  to  produce  quality  coatings 
of  KryLon  130P  and  Aqua  Guard  acrylic.  Apparently,  both  materials 
tend  to  crack  the  silicate  soon  after  application.  Crazing  occurred 

in  Owens  Corning  6^0  glass  resin  coatings  after  dipping  and  air 
drying. 
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Ram 

Approximate 

Pressing 

Spec. 
Nck _ 

S236 

Force , 

Pressure, 

Appearance  After 

Type 

K 

Silicate 

Sodium 

ton 

lb/in2 

Time 

^1777 

%60  sec 

Some  wavy  distortion  and  loss 
of  coating  adhesion  on  edges 

S256 

if 

Sodium 

S.4 

->.888 

^60  sec 

Some  wavy  distortion  and  loss 

ft 

of  coating  adhesion  on  edges 

S257 

K 

Sodium 

*v4 

*\#8  88 

^60  sec 

Some  wavy  distortion  and  loss 
of  coating  adhesion  on  edges 

tf?76 

K 

Sodium 

'Vp 

*500 

^7  hro 

Good  coating;  essentially 
distortion-free 

B?73 

K 

Sodium 

*v?50 

s.  1  hr 

Good  coating;  essentially 
distort  Ion-free 

fl?75 

K 

Sodium 

.5 

%250 

^24  hro 

Good  coating;  essentially 
distortion-free 

8398 

K 

Sodium 

800 

200 

24 

Oood  distortion  froe  film 

$403 

K 

Sodium 

5,000 

1.250 

1/12 

Coating  cracked 

A395 

K 

Sodium 

5,000 

1,250 

1/4 

Coating  cracked 

8  3«i 

K 

Sodium 

10,000 

0 

0 

cs* 

1 

Coating  cracked 

5400 

K 

Sodium 

15.000 

3,750 

1/4 

Coating  cracked 

S'lO? 

Kasll  6 

Potassium 

800 

200 

?5 

Good  partlcally  flattened  film 

S  401 

Kasll  6 

Potassium 

15*000 

3,750 

1 

Oood  distortion  free  film 

S495 

Kasll  6 

Potassium 

<100 

100 

48 

100*  distortion  free;  silicate 
flowed  from  surface  resulting 

in  a  thin  silicate  coating 

S468* 

Kasll  6 

Potassium 

800 

200 

66 

Flat  silicate  film 

£S*l69|i 

Kasll  6 

Potassium 

1,200 

300 

73 

Distortion  free;  small  area  spall¬ 
ed  from  surface;  silicate  very  thin 

due  to  flowing. 

S459 

Kasll  6 

Potassium 

2,000 

500 

1 

Some  residual  distortion  90* 
distortion  free 

S4?B 

Kasll  6 

Potassium 

2,1)00 

600 

1 

75*  distortion  free;  poor 
silicate  bonding 

S4201* 

Knnl 1  6 

Potassium 

l| ,  800 

1,200 

24 

Flat  silicate  surface 

H  h  B 1  ^ 

K 

Sodium 

<(00 

100 

100 

100*  distortion  free;  silicate 
very  thin  due  to  flowing 

.8465B 

K 

Sodium 

800 

200 

1 

^75*  distortion  free 

S464* 

K 

Sodium 

1,200 

300 

1 

^75*  distortion  Tree;  some 
silicate  cracking 

5446* 

K 

Sodium 

1,600 

400 

1 

^25*  distortion  Tree;  several 
distorted  areas 

fthfy  J  * 

K 

Sodl  um 

?,000 

500 

1 

%75*  distortion  Tree 

n  hey  ^ 

K 

Sodium 

2,  <100 

600 

1 

100*  distortion  free;  silicate 
very  thin 

^Specimens  coated  after  pressing  with  an  enamol  moisture  resistant 
con t trig  (Watorapar  clear  enamel). 


Undrawn  Kaall  0k 


l^ji  j  tllj  i  i  i  I  lu- i  s  1  Iwl  i  i  h;  i  NMiffi)  I  If  ■ 

pPI  Drawn  Kasll  6  Tijl  ©.E.  Lexan  i;j* 

t  .  :B . .  jfe 

fp  Silicate  Coating  Polycarbonate  ~r. 

mam Jtpffija?  p 


G.E.  Lexan 


j  Silicate  Coating  £  }  |  {  Polycarbonate  | 

Siff 

*r. tit . . .  1;1: . Tr  ..  1  I ;  j  i ini ! - :b|iHi3 

£#*■  W ji *j '  U  L :. ;  jlfjifl : . 

mmmm  mmm-  •  j  1  M  *  J*1  »♦-<-»-  t 

f:  Cold  Formed  mJ  ill  ?  Polyurethane  V 


Kaell  6 


Coated 


_  Silicate  Coating ; -j  j:  Polycarbonate 

:irm.iU4i -t  ii j  tt iTFntiii1;- PM\\m 

it}  II  Si  lltffi: 


i  fiilili!.;:;:  M ij LlOillli 

:  1  Cold  Formed  {!;![  Polyurethane 
;  ;  Kaell  6  !j‘j  Coated  ;rj 
:  |  1  Silicate  Coating -UiJ  Polycarbonate  ™ 

■■  jf|  !i|  !,it  jj;!ij  pji l{i!ili)®i|ii 

i « i  j|  i  li  Ip j  #  mm  1  |l  M 

:  i  v;i‘jlij}|i  ill  .♦ iHif UJt fh.illl 

1  ^T,r^TTriTlliV;iinM{mW;^HniiiiiiiHTrnTrTn,'^rt  i 


Specimens  Mounted  on 
Surface  of  Grid 


Specimens  Mounted  4  3/4 
Inches  Prom  Grid 


Drawn  Kaell  6  H ©.E.  Lexanr-p 
Silicate  Coating  jjPolycarbonatel 

f',!!'l:  *:  :  r  "  !••  •  -r . ■  ;•  i 


bPli :  r-m 

rn:.:  i  f  f-.T"\ 

Oj,  Cold  Formed!.  .1 Polyurethane, 
!iif »  Kaell  6  :  >  Coated 

■JJjSlllcate  Coating: Polyurethane. 


Specimens  Mounted  9  3/4 
Inches  Prom  Grid 


Figure  1.  Comparison  of  Distortion  in  Silicate-Urethane* 
Polycarbonate  System. 
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Table  VII 


WATER  REPELLANT  MATERIALS 


Material 

Trade-name 

Acrylic 

Waterspar 
Clear  Enamel 

Acrylic 

Luclte  llJO 

Acrylic 

Acrylic 

Polycarbonate 

Kry Ion 
#  1302 

Aqua  Guard 
Lexan 

Polystyrene 

Styron  700 

Polystyrene 

Duco 

Polyurethane 

Adiprene 

L-100 

Polyurethane 

Adiprene 

L-100 

Polyurethane 

Chemglaze 

Silicone 

RTV 

SI licone 

Glass  Resin 
0650 

FOR  ALKALI  SILICATE  COATINGS 


Supplier 

Application 

Method 

Pittsburgh 

Paints 

Spray 

Dupont 

Spray 

Kry Ion,  Inc. 

Spray 

Micro  Chem.  Inc. 
General 

Electric 

Spray 

Dow  Corning 

Spray 

Dupont 

Doctor  Blade 

Dupont 

Doctor  Blade 

Dupont 

Spray 

Hughs on 

Chemical  Co. 

Spray 

General 

Electric 

Doctor  Blade 

Owens 

Illinois 

Dipor  Spray 

A  vital  question  at  this  time  would  be:  How  can  a  flammable 
polymeric  film  be  used  as  a  component  in  a  system  designed  to  act 
as  a  fire  barrier?  Others  have  observed  that  certain  flammable 
materials  when  applied  to  a  nonflammable  material  (such  as  silicate) 
are  nonflammable  in  the  form  of  a  coating  (Ref.  3).  Initial  studies 
conducted  at  NASA  using  a  flame  propagation  test  on  several  of  our 
silicate  specimens  confirmed  this  fact.  The  polymer  did  not  burn 
beyond  the  point  of  actual  flame  impingement.  It  is  practical, 
therefore,  to  consider  polymeric  water-repellant  coatings  even 
though  the  overall  polycarbonate-urethane-silicate-protective 
coating  system  is  intended  to  be  a  fire  protection  coating.  A 
summary  of  the  protective  coating  studies  is  given  in  Table  VIII. 

2 .  Coating  Testing  and  Evaluation. 

a.  Humidity  Resistance.  Eight  silicate  coated  poly¬ 
carbonate  samples  were  used  to  observe  the  effect  of  a  high  humidity 
environment  on  these  materials.  The  samples  were  exposed  in  a 
humidity  cabinet,  with  the  temperature,  humidity,  and  percent  weight 
change  being  noted  at  certain  intervals.  The  samples  were  exposed 
for  no  less  than  ^3  hours,  with  some  test  runs  lasting  187  hours. 

The  humidity  test  results  are  summarized  in  Table  IX. 

Initially,  coating  failures  were  experienced  with  both  sili¬ 
cate  types  tested,  regardless  of  the  type  of  curing  cycle  (room 
temperature  cured  or  thermally  cured)  used.  Varying  degrees  of 
peeling,  cracking,  and  whitening  (of  the  silicate  coating)  were 
observed  on  all  unprotected  silicate  coatings.  Two  samples  were 
then  coated  with  clear  acrylic  lacquer  in  order  to  observe  its 
moisture  resistance  and  compatibility  with  the  silicate.  These 
protected  silicate  coatings  showed  no  degradation  whatsoever,  even 
after  187  hours  in  the  humidity  chamber.  Figure  2  shows  a  compari¬ 
son  of  the  protected  and  unprotected  silicate  coatings  after  187 
hours  at  high  humidity.  The  unprotected  coatings  (3-2^1  and 
S-285)  are  dried  out  and  whitened,  while  the  protected  coatings 
(S-252  and  S-286)  remained  unchanged, 

b.  Thermal  Shock  Resistance.  The  thermal  shock  resistance 
of  two  alkali  silicate  compositions  (Type  K  [sodium]  and  Type  Kasll  6 
[potassium])  was  checked.  One  specimen  (alkali  silicate  on  poly¬ 
carbonate)  of  each  composition  was  heated  in  an  air  oven  to  150°F 

for  approximately  30  minutes  and  then  quenched  in  a  Dewar  cooled  by 
liquid  nitrogen  to  -90°F.  The  Dewar  temperature  was  determined 
with  a  potentiometer  reading  the  output  of  a  copper-constantan 
thermocouple . 
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TablC  VIII 

SILICATE  PROTECTED  WITH  WATER  REPELLANT  FILMS 


Spec.  Nos. 

Type  .. 

Silicate 

S 380-385 

K 

Sodium 

8412,  4i6, 
419,  D P0 

Kasll  6 

Potassium 

? *  ,?« 

S409,  415, 
417 

Kaall  6 

Pot  nnNlum 

»>7l.  h?  3 

Kasil  6 

Potanalum 

?nn?M 

3462 

K 

Sodium 

3483-4  85 

K 

Sodium 

-•♦a  2" 

SA87-A8H 

Kasil  6 

Potassium 

?’>r7r 

B'^7*  <179 

K 

Sodl um 

84/0,  478 

Kaall  6 

Potassium 

?*' 

8466 

K 

Sodium 

*  "  w  J* 

S490 

K 

Sodium 

"■  *.  JU» 

3492,  496 

Kaall  6 

Potassium 

:*■' »- 

SA80 

K 

Sodium 

:■■■  -r> 

SA97-498 

K 

Sodium 

"  •  jr» 

8514 

K 

Sodium 

8511 

K 

Sodium 

"■1  ?M 

3516 

K 

Sodium 

SA75- 476 

Kasil  6 

Potassium 

Tr-f  y  ’}» 

3489,  491 

K 

Sodium 

3527 

Kasil  6 

Potassium 

35?8.  53? , 
534 

Kasil  6 

Potassium 

> :  p ;/» 

3515,  53B 

Kasil  6 

Potassium 

rv?*' 

8541,  546 

Kasil  6 

Potassium 

3549,  550 

Kasil  6 

Potassium 

S543,  573 

Kasil  6 

Potassium 

3574,  575 

Kaall  6 

Potassium 

3590-594 

Kaall  6 

Potassium 

«'  r  I 

l/:'  3505.  5^6 

Kasll  6 

Potassium 

3589 

KahU  6 

Potassium 

3585*  5 By 

Kaall  6 

Potassium 

r  ’**2'* 

fl  546 

Kasll  6 

Potassium 

p,n  n  •» i» 

35  6  H 

Kenll  6 

Potanalum 

P"  n?*' 

A5flO-583 

Kasll  6 

Potassium 

V’*6” 

3997 

Knoll  6 

Potassium 

r*t* 

I159« 

Kasll  6 

Potassium 

3599,  601- 
*o4 

Kan)  1  6 

Potassium 

Silicate 

Silicate  Thlckneos, 

Pro  treatment mil  _ 


Appearance 


None 


None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

*100  grit  paper 
sanded  lightly 


N.D. 


Buffed  with  wire-  16-19 
wheel 

Sanded  with  grit-  15-20 
paper 

Sanded  with  grit-  N.D. 
paper 

Sanded  with  grit-  A A 

paper 

Sanded  with  grit-  N.D. 
papor 

None  N.D. 


N.D. 


N.D. 

N,D. 

29 


400  grit  paper 
sanded  fist 

15-64 

400  grit  paper 
sanded  lightly 

35.  34 

4oo  grit  paper 
sanded  lightly 

24,  30 

400  gplt  paper 
sanded  lightly 

33,  35 

400  grit  paper 
sanded  flat 

29 

400  grit  paper 
sanded  flat 

16,  24 

400  grit  paper 
sanded  Tint 

16-25 

400  grit  paper 
sanded  lightly 

2?,  23 

400  grit  paper 
sanded  Mat 

16 

400  grit  paper 
sanded  lightly 

18,  19 

400  grit  paper 
sanded  lightly 

18 

400  grit  paper 
sanded  lightly 

18 

400  grit  p«PpF 
sanded  flat 

N.D. 

400  grit  paper 
tianded  flat 

19 

4 no  grJ l  paper 
sanded  Mat 

17 

400  grit  paper 
sanded  flat 

20-2? 

Protective..  Carding 
Nominal 
Thickness, 

Type _ mil 


Watoropar  N.D. 

clear  enamel 
Waterspar  1.5 

clear  enamel 
Waterspor  N.D. 

clear  enamel 
Wctc^npar  N.D. 

clear  enamel 
Wnternpar  <1 

rlear  enamel 
Wm tern pur  <1 

clear  enaruwJ 
DuPont  N.D. 

Adi p rent-  L-100 
Poly urothnno 
DuPont  N.D. 

Adi  prone  L-100 


Transparent  film 
Transparent  film 
Transparent  film 
Transparent  film 
Transparent  fl  lm 
Tt  anspnrrnt  film 
Poorly  adhered  film 


Application 

Method 

Sprayed 

Sprayed 

Sprayed 

Sprayed 

Sprayed 

Sprayed 
Sprayed 


Poorly  adhered  film  Sprayed 


19 

Polyurcthur.e 

DuPont 

t2 

Transparent  film 

Drawn 

20 

Adiprenc  I.- 100 

Polyurethane 

DuPont 

•x.1 

Transparent  film 

Drawn 

24 

Adiprene  L-100 

Polyurethane 

DuPont 

■vl4 

Transparent  film 

Drawn 

,  2? 

Adiprenc  L-100 
Polyurethane 
DuPont  Duco 

M.5 

Transparent  film 

Drawn 

45 

Polystyrene 
DuPont  Duco 

N.D. 

Transparent  film 

Drawn 

D. 

polystyrene 
DuPont  Duco 

N.D. 

Transparent  film 

Drawn 

39 

Polystyrene 
DuPont  Lucite 
140 

Dow  Styron 

*5 

Transparent  film 

Sprayed 

57 

x6 

Transparent;  some 

Sprayed 

50 

700 

Oenersl 

>4 

erased  areas. 

Brlttls  grey  film 

Sprayed 

Electric  Lexun 
Polycarbonate 
Owners  1  *2.5 

Electric 
HTVIOfi  Sill  conn 

General  *10 

RTV 1 0 8  Silicone 
Krylon  130i>  6 


DuPont  Duoo 
Polystyrene 
Aqua  Guard1* 

Krylon  1302*» 


Owens  Corning 
650  Glass  Resin 
Hughnon  Chemical  1 
Co.  Chemglace 
Polyurethane 
DuPont  Duco  1 

Polystyrene 


Co.  Che mg laze 
Polyurethane 
Hugh 3 on  Chemlc 
Co.  Ch* mg laze 
Pc ly urethane 
Hughs on  Chnrnlc 
Co.  Chi»mgl«*r 
Polyurethane 
tluglinon  C'hemlo 
Co.  Cheng  Is**' 
Polyurathatie 
Hughs  un  Che  ml** 
Co,  Chemglnae 
Polyurethane 
Mughson  Chomlr 
Co.  (Hiring  1  ns  e> 
Polyura thane 
Hughnon  Ohemic 
Co.  Chemglare 
Polyurethane 
DuPont  Ducu 
PnJyslyrenp 
DuPont  l»u 0 o 
Polystyrene 
Hugh u  cm  Chemlr 
Co.  Cheng  I  bp e 
Polyurethane 


Poorly  adhered  grey  SpatuJo 
film 

Poorly  adhered  grey  Spatula 
fl  lm 

Transparent  rilm  Sprayed 

some  surface  sr.d 
bubble  distortion. 
Transparent;  a  few  Drawn 

bubb lea . 

Developed  cracked  Sprayed 
areas  In  slllcute. 

Dovcloped  cracked  Sprayed 
areas  In  silicate. 

Crarcd  soon  srter  Dipped 
application . 

Transparent  coating;  Sprayed 

little  optical 

distortion. 

Transparent  optically  Drawn 
distortion  freo 
coating;  a  few  bubbles 


1 

Transparent ; 
distortion. 

little 

Sprayed 

11 

Transparent ; 
distortion. 

little 

Sprayed 

11 

Transparent ; 
distort  Ion, 

little 

f«pr  ny  ed 

1 

Transparent ; 
distort  1  on . 

little 

Sprayed 

0.5 

Transparent ; 
distortion. 

little 

Sprayed 

<1 

Transparent ; 
distort  ion. 

little 

Sprayed 

1 

Trannparont ; 
dia  t  onion . 

little 

Sprayed 

*> 

Transparent ; 
distortion. 

little 

Drawn 

1 

Transparent ; 
distort  Ion 

HU  3 r 

Drawn 

1 

Transparent ; 
distortion. 

little 

;*  prayed 

?>\ 


Cool'd  Table  VIII 


Protective  Coating 


Substrate 

Spec,  Nga. 

aeon 

Type _ 

KatiH  6 

SI llcftte 

Silicate 

Pretreatment 

Silicate 
Thickness , 
mil 

Nominal 
Thickness , 
Type  mil 

Appearance _ 

Application 

Method 

2"x2" 

Potasalum 

400  grit  paper 
sanded  flat 

13 

Hughaon  Chemical  2 

Co.  Chemglaee 

Transparent;  little 
distortion . 

Sprayed 

1  )/2xl  1/? 

3613 

Kasll  6 

Pot at alum 

400  grit  paper 
sondad  flat 

- 

polyurethane 
llughaon  Chemical  N.D. 
Co.  Chomglato 
Polyurethane 

Hughaon  Chemical  N.D. 
Co.  Chemglaee 

Transparent;  little 
distortion, 

Drawn 

i  1/2x1  1/2 

S615 

Kaall  6 

Potaaalum 

400  grit  paper 
sanded  flat 

- 

Transparent;  little 
distortion. 

Dipped 

10Mxl0" 

S620 

Kasll  6 

Potassium 

400  grit  paper 

10 

Polyurethane 

Hughaon  Chemical  3*0 

Transparent;  alight 

Dipped 

sanded  flat 

Co.  Chemglaxe 

hate . 

10"xl 0" 

S6?  3 

Kasll  6 

Potassium 

400  grit  paper 
sanded  flat 

10 

polyurethane 

Hughaon  Chemical  7.0 

Co,  Chemglaee 

Transparent;  slight 
haee. 

Dipped 

10Mxl0M 

S6?5 

Kaall  6 

Potassium 

4o0  grit  paper 
•ended  flat 

15 

Polyurethane 

Hughaon  Chemical  0.75 
Co.  Chemgla *• 

Transparent;  slight 

haee. 

Dipped 

lO^XlO" 

3620 

Kaall  6 

Potaaalum 

400  grit  paper' 
sanded  flat 

15 

Polyurethane 

Hughaon  Chemical  2.5 
Co.  Chemglaee 

Transparent;  alight 
haee. 

Sprayed 

lCxlO" 

3634 

Kaall  6 

Potassium 

400  grit  paper 
•ended  flat 

20 

Polyurethane 

Hughaon  Chemloal  4 

Co.  Chemglaee 

Transparent;  alight 
haee. 

Dipped 

lCxlO" 

lO-xlO" 

3637 

S6$7 

Kaall  6 

Kaall  6 

Potassium 

Potaaalum 

400  grit  paper 
sanded  Tint 

400  grit  paper 
•  •tided  flat 

4 

6 

Polyurethane 

DuPont  Duco  2 

Polystyrene 

Hughaon  Chomlcal  6 
Co.  Chemglaee 

Transparent;  alight 
have. 

Transparent;  alight 
haxe. 

Drawn 

Dipped 

JO"*!©" 

3658  * 

Kaall  6 

potassium 

400  grit  paper 
•ended  flat 

6 

Polyurethane 

Hughaon  Chemical  2 

Co.  Chemglaee 

Transparent;  loan 
haxe. 

Dipped 

1  1/2*1  1/2 

8641-649 

K 

Sodium 

400  grit 
•ended  lightly 

15-25 

Polyurethane 

Hughaon  Chemloal  2 

Co.  Chemglaxe 

Transparent;  less 
haee. 

Dipped 

1  1/2x1  1/2 

3650-655 
660,  662 

Kaall  6 

Potaaalum 

400  grit 
•ended  lightly 

17-24 

Polyurothane 

Hughaon  Chemical  2 

Co.  Chemglar.e 

Transparent;  lose 

hase . 

Dipped 

ICxlO" 

3669 

K 

Sodium 

400  grit 
sanded  flat 

29 

Polyurethane 

Hughaon  Chemloal  -10 
Co.  Cheitfclaxe 

Transparent i  little 
haee. 

Dipped 

10"il0" 

3670 

X 

Sodium 

400  grit 
•ended  flat 

29 

Polyurethane 

Hughaon  Chemloal  -10 
Co.  Chcinglass 

Transparent;  little 

hase. 

Dipped 

JO-xlO" 

8671 

K 

Sodium 

400  grit 
•nndrd  flat 

IV 

Polyurethane 

Hughaon  Chemical  -10 
Co,  Chemglexa 

Transparent;  little 

hate. 

Dipped 

iCxlO" 

8672 

K 

Sodium 

400  grit 
sanded  flat 

27 

Polyurethane 

Hughaon  Chemloal  -10 
Co.  Chemglaee 

Transparent;  little 

hast. 

Dipped 

lO-xlO" 

lCxlO" 

8673 

3664 

Kasll  6 

Kaall  6 

Potaaalum 

Potaaalum 

400  grit 
•ended  flat 

400  grit 
sanded  flat 

27 

10 

Polyurethane 

DuPont  Duco  3 

Polystyrene 

Hughaon  Chomlcal  *10 
Co.  Chemglaee 

Transparent;  some 
distortion. 
Transparent  and 
dear 

Dipped 

Dipped 

10"xl0" 

5666 

Kaall  6 

Potaaalum 

400  grit 
sanded  flat 

12 

Polyurethane 

Hughaon  Chemloal 

Co.  Chemglaee 

Transparent  and 
dear 

Dipped 

10“xl0" 

S675 

Kaall  6 

Potaaalum 

400  grit 
sanded  flat 

<v6 

Polyurethane 

Hi^gnaon  Chemical  *3 

Co.  Chemglaee 

Transparent ; 
unclear 

Dipped 

Polyurethane 

Sprayed  polyurethane  costings  mad*  using  a  2  parte  toluene— -1  part  polyurethane  by  volume  mixture. 
Dipped  polyurethane  coatings  mado  using  a*  received  polyurethane 
•  Thlcknoss  after  silicate  pretreatment 
•  •  Micro  Chemicals »  Ino.,  Dallas.  Texas 

Krylon  Ino.  Norristown,  Pa. 

N.D.-Nul  lie  tarn  tried 
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NOT  REPRODUCIBLE 


Figure  2.  Appearance  of  Silicate  Coatings  After  187  Hour 
Exposure  to  High  Humidity  Environment 
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c.  Flame  Resistance.  To  determine  the  flame  resistance 
o.t  the  alkali-silicate  coatings  on  site,  a  test  was  devised  for 
exposing  the  samples  to  an l800°-2000°F  propane  combustion  flame  in 
eir.  A  schematic  of  the  setup  is  shown  in  Figure  3-  The  test 
involved  establishing  the  temperature  of  the  flame  with  a  Pt-PtlORb 
thermocouple  and  an  optical  pyrometer  as  a  function  of  the  distance 
from  the  substrate  surface  to  the  tip  of  the  flame.  Then  by 
varying  the  substrate  to  flame  distance,  a  preselected  firing 
temperature  could  be  achieved,  and  the  burn-through  time  recorded. 
Using  this  procedure,  flame  tests  were  made  to  determine  the  flame 
protection  properties  of  silicate-coated  polycarbonate  as  a 
unction  of  coating  thickness.  The  specimens  were  evaluated  by 
observing  the  time  required  for  the  flame  to:  (1)  penetrate  the 
silicate ;  (2)  ignite  the  urethane  and/or  polycarbonate;  and 
\3)  penetrate  the  polycarbonate  panel.  Figure  A  shows  two  of  the 
silicate  specimens  after  the  flame  test.  It  is  realized  that  this 
*>c'st  is  less  severe  than  a  comparable  test  in  a  pure  oxygen  atmo¬ 
sphere.  However,  because  the  silicate  is  noncombustible,  it  seems 
reasonable  to  assume  that  comparable  silicate  burn-through  or 
f allure  times  would  be  achieved,  provided  the  temperatures  were 
comparable.  The  results  of  flame  tests  performed  on  site  are  shown 
!W  I igure  5  and  listed  in  Table  X.  As  expected,  the  results  show 
tmvt  the  silicate  burn-through  time  is  increased  as  the  coating 
thickness  is  increased. 

The  flame  resistance  standard  set  by  NASA(Houston)  called  for 
the  coating  to  withstand  a  direct  flame  of  1800°F  for  45  seconds. 

Ao  can  be  seen  in  Figure  5  this  standard  has  been  realized  and  sur¬ 
passed  by  the  silicate  coatings  developed  in  this  laboratory. 

The  best  results  on  site  were  obtained  on  a  55  mil.  Type  K,  sodium 
silicate  coating  which  withstood  1800°F  for  %150  seconds.  The 
beat  result  reported,  on  test  samples  sent  to  NASA (Houston)  from 
this  laboratory,  indicates  that  a  25  mil  silicate  coating  with¬ 
stood  1800°F  in  a  6.2  psi  oxygen  atmosphere  for  80  seconds  without 
tailing  completely.  These  results  are  quite  promising  as  they 
indicate  that  alkali  silicate  coatings  can  be  produced  which  offer 
good  flame  resistance  for  polycarbonate  substrates. 

Optical  Uniformity  and  Distortion.  Federal  Test 
lie t hod  3041  was  used  for  determining  the  optical  uniformity  and 
visual  distortion  of  selected  silicate— coated  polycarbonate  samples. 
According  to  this  procedure,  the  optical  characteristics  of  the 
Ramp  leu  are  determined  using  a  slide  projector,  with  a  transparent 
tr  de  having  two  fine  block  lines  (at  right  angles)  ruled  on  it. 
he  projector  is  placed  25  feet  from  a  5-foot  square  screen  with  a 
i /ir *irecI  cro8B  consisting  of  seven  horizontal  and  seven  vertical 
J/ib  lines  intersecting  at  right  angles  in  the  center  of  the 
screen.  With  this  setup,  optical  distortion  is  determined  by  placin 
•he  specimen  close  to  and  parallel  with  the  screen,  followed  by 
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SUBSTRATE 

HOLDER 


OPTICAL 

PYROMETER 


Figure  3.  Top  View  Schematic  of  Flame  Resistance  Test 


Figure  4 


Appearance  of  Silicate  Coatings  After  Exposure 
to  l800°F-2000°F  Combustion  Flame 
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Note  -  All  polycarbonate  substrates  were  coated  with  Dupont  adiprene  L-100  urethane 
prior  to  silicate  deposition. 


movement  of  the  specimen  toward  the  projector.  When  light  and 
dark  shadows  first  appear  in  the  shadow  the  distance  from  the  screen 
is  measured  and  recorded.  This  distance  is  indirectly  proportional 
to  the  distortion  caused  by  the  specimen. 

Optical  uniformity  is  determined  by  placing  the  sample  12' 
inches  from  the  front  lens  of  the  projector  and  parallel  to  the 
transparent  slide  (previously  positioned  and  focused  so  that  the 
sharply  defined  cross  is  coincident  with  the  center  cross  ruled 
on  the  screen).  While  moving  t£ie  specimen  within  its  plane,  the 
screen  is  observed  for  movement  of  the  projected  image  of  the 
cross.  The  specimen  is  rotated  through  90°  in  its  own  plane  and 
the  test  repeated.  The  maximum  amount  and  nature  or  frequency  of 
movement  of  the  image  is  recorded. 

By  using  the  above-described  procedures,  a  quantitative  value 
for  the  optical  uniformity  and  the  optical  distortion  was  assigned 
to  selected  polycarbonate  samples.  The  resulting  data  are  included 
in  Table  XI.  Initial  values  (Part  A)  were  obtained  to  establish 
upper  and  lower  limits  for  comparison  with  later  data.  The  results 
show  a  value  of  8"  for  an  optically  perfect  polycarbonate  plate, 
while  poor  quality  samples  show  readings  near  0.  Urethane-coated 
polycarbonate  shows  a  drop  in  the  optical  distortion  values  to 
approximately  2  1/2".  Therefore,  as  long  as  a  urethane  coating 
is  used  as  the  adhesive  layer,  the  best  distortion  values  will  be 
in  the  2 "-3"  range.  For  comparison  with  this  range  of  values, 
further  measurements  were  made  (Part  B).  The  results  (show  quite 
a  few  samples  with  the  optimum  distortion  values)  provided  a  rough 
indication  of  the  quality  of  samples  producible. 

The  optical  uniformity  values  do  not  seem  to  provide  any 
meaningful  information  which  can  be  correlated  with  the  coatings. 

As  a  result,  this  portion  of  the  test  method  was  not  considered 
beyond  the  preliminary  readings  (shown  in  Table  XI,  Part  C). 

e.  Light  Transmittance.  Tests  were  made  to  determine 
the  light  transmittance  data,  between  350  and  750  millimicrons, 
for  polycarbonate/urethane/alkali  silicate/protective  polymer 
systems  (PUSP  systems).  The  data  were  obtained  from  a  Ferkin- 
Elmer  Model  ^50  recording  spectrophotometer.  Figure  6  shows  the 
data  for  uncoated  polycarbonate,  urethane-coated  polycarbonate, 
and  silicate/urethane/polycarbonate  samples.  Little  effect  is 
observed  in  the  visible  range,  but  the  urethane  film  acts  as  a 
filter  in  the  ultraviolet  range.  These  data  indicate  that  the 
alkali  silicate  transmits  essentially  100%  of  the  light  energy- 
Figure  7  shows  the  light  transmittance  data  as  a  function  of  wave¬ 
length  for  each  of  the  PUSP  specimens  (polyurethane  protective 
coating)  listed.  These  samples  show  a  range  of  transmittance 
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Table  XI 
Part  A 

0 PTICAL  DISTORTION  VALUES  FROM  FEDERAL  TEST  METHOD  3°4l 


Spec . 
No. 


S-235 

K 

S-284 

K 

S-24  3 

K 

S-242 

K 

S-256 

K 

S-275 

K 

3-287 

K 

3-296 

K 

3-257 

K 

S-309 

K06 

S-312 

K#6 

S-314 

K06 

S-310 

K  H6 

S-311 

M  6 

S-313 

K//6 

S-304 

K 

S-305 

K 

S-307 

K 

S-394 

K#6 

S-395 

K 

S-397 

K#6 

S-398 

K 

S-399 

K 

S-400 

K 

3-401 

K  US 

S-402 

US 

S-405 

K#6 

S-406 

K#6 

S-411 

K 

Sample 

Lexan  circular  plate 
Lexan  plate  (commercial) 
Urethane  coated  Lexan  1 
Urethane  coated  Lexan  2 
Si li cate/Urethane-coated 
Sill  cute/ Urethane- coated 
Sillcate/Urethane-coatcd 
Sill cate/Urethane-coated 
Si 11 cate/Ure thane- coated 
Si 11 cate/Ure thane- coated 
Sillcate/Urethane-coatcd 
SI 11 cate/Urethane-coated 
Si 11 cate/Ure thane-coated 

Part  B 


Si 11 cate/Ure thane- coated 
Si llcate/Urethane-coated 
Si llcate/Urethane-coated 
Si 11 cate/Urethane-coated 
SI llcate/Urethane-coated 
SI 11 cate/Urethane-coated 
Si 11 cate/Ure thane- coated 
Si llcate/Urethane-coated 
Si llcate/Urethane-coated 
SI llcate/Urethane-coated 
Si 11 cate/Ure thane- coated 
Si 11 cate/Ure thane- coated 
Si 11 cate/Ure thane- coated 
Si llcate/Urethane-coated 
SI 11 cate/Ure thane- coated 
Si 11 cate/Ure thane -coated 
Si llcate/Urethane-coated 
Si 11 cat e/Urethane- coated 
Si llcate/Urethane-coated 
Si 11 cate/Ure thane -coated 


polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 


polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 

polycarbonate 


Distance 


8" 

7  1/2" 
2  1/4" 
2  1/4" 
1  5/8" 
1  1/4" 
1  1/4" 
1" 
1" 
7/8" 
9/16" 
7/16" 
1/4" 


1" 

1  1/8" 
2  1/4" 
3/4" 
<  1/2" 
<  1/2" 
7/8" 
2" 
2" 

1  1/2" 
2  1/2" 
1  3/4" 
2" 

1  3/4" 
2" 
3" 
3" 

1  1/2" 
2" 
3" 


Part  C 

OPTICAL  UNIFORMITY  VALUES  FROM  FKDHHAL  TF.ST  METHOD  3041 


Lexan  circular  plate  l/8jj 

Lexnri  plate  (commercial)  1/16" 

S-284  Silicate-coated  polycarbonate  1/16" 

S-275  Silicate-coated  polycarbonate  N.O.# 

'’-296  Silicate-coated  polycarbonate  1/4" 

-235  Si 11 cnte-coutod  polycarbonate  3/4" 


3Jl 


*  Not  obaervable 


rigure  6.  Light  Transmittance  of  Silicate  -  Urethane  -  Polycarbonate  Systems 


Figure  7.  Transmittance  of  Alkali  Silicate  Systems 


values,  in  the  visible  wavelength  region,  from  approximately  505? 
to  88$.  Optically,  these  coatings  are  quite  satisfactory,  but  the 
protective  coating  tends  to  slightly  reduce  the  transmitted  light 
in  the  visible  region.  This  conclusion  is  evident  from  a  compari¬ 
son  of  the  curves  for  the  silicate  samples  in  Figures  6  and  7. 

This  effect  can  be  reduced  by  using  the  thinnest  possible  functional 
protective  coating.  Protective  coatings  of  1-3  mils  have  proved 
to  be  quite  acceptable. 

f.  Vacuum  Stability.  In  order  to  observe  the  effect 
of  a  high  vacuum  environment,  selected  alkali  silicate  film  were 
exposed  to  a  vacuum  in  the  10  5  torr  range  at  room  temperature  for 
various  periods.  The  details  of  these  tests  are  included  in 
Table  XII.  Both  the  acrylic  enamel-coated  and  unprotected  silicate 
coatings  showed  a  tendency  to  craze  after  three  hours  at  room 
temperature.  Small  cracks  developed  in  the  polyurethane-coated 
silicate  specimen  but  the  transparency  of  the  sample  was  not 
appreciably  affected.  Polystyrene-coated  silicate  specimens  showed 
little  vacuum  degradation  even  after  24  hours.  Two  samples  (S-507 
and  S-510  in  Table  XII)  remained  in  a  vacuum  of  6xl0~5  torr  for 
24  hours.  Initially  these  coatings  showed  no  deviation,  but, 
after  a  short  time,  the  edges  of  the  coating  began  to  develop 
small  cracks.  Later,  these  cracks  enlarged  somewhat  but  did  not 
traverse  the  sample,  and  hence  did  not  constitute  a  failure  of 
the  coating.  Some  bubbles  developed  in  the  coating  during  the  test, 
but  the  mechanism  of  bubble  formation  is  not  known  for  certain. 

In  any  case,  these  test  results  indicate  that  alkali  silicate 
coatings  will  stand  a  hard  vacuum  for  some  time  without  complete 
failure. 


g.  Flexural  Strength.  The  flexural  properties  of 
alkali  silicate  coatings  were  measured,  according  to  A STM  Method 
D790,  with  a  four  point  loading  system.  The  flexural  measurements 
were  conducted  on  an  Instron  testing  machine  of  10,000  pounds 
capacity  at  a  rate  of  0.05  inches  per  minute.  Results  of  these 
tests  are  contained  in  Table  XIII.  The  tests  were  conducted  in 
an  environment  of  73°F  and  505?  relative  humidity. 

The  four-point  loading  was  used  to  prevent  localized  compressive 
failure  of  the  coating  so  that  a  valid  measurement  of  the  flexural 
strength  and  modulus  of  the  specimen  could  be  made.  The  shear 
strength  between  the  coating  and  the  polycarbonate  was  therefore 
determined  by  "flexural"  tests  in  which  the  beam  length  is  short 
compared  to  the  thickness  of  the  beam,  and  the  coating  is  the  outer 
fiber  of  the  flexural  beam.  The  shear  strength  of  the  bond  between 
the  coating  and  the  polycarbonate  can  be  determined  by  such  a  test, 
providing  the  shear  strength  is  less  than  the  tensile  strength  of 
the  coating  itself. 
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Table  XII 


VACUUM  STABILITY  OP  ALKALI  SILICATK  SYSTKMS 


Spec . 

Protective 

No, 

1m 

Silicate 

Coating  Typo 

s*n^t ,  'afl 

Kas  1 1 

6 

Potassium 

None 

8414,  *118 

Kanll 

6 

Potassium 

None 

8414,  4l8 

Kflsi  1 

6 

Potassium 

None 

8416 

Kaell 

6 

Potassium 

None 

8416 

Kacl  1 

6 

Potass  1  um 

None 

3416 

Kasil 

6 

Potassium 

None 

8412 ,  410 

Kanll 

6 

Potassium 

Waterapar 
Acrylic  enamel 

8412,  415 

Has!  1 

6 

Potassium 

Waterapar 
Acrylic  enamel 

S412,  415 

Kasil 

6 

Potassium 

Waterspar 
Acrylic  enamel 

Kasil 

6 

Potassium 

Dupont 

Adlprone  L-100 
Polyurethane 

SW 

Kaell 

6 

Potassium 

Dupont 

Adlprone  L-100 
Polyurethane 

3*1^ 

Kanll 

6 

Potassium 

Dupont 

Adlprone  L-100 
Polyurethane 

SA10 

KasU 

6 

Potassium 

Dupont 

Adlprene  L-100 
Polyurethane 

SA10 

KasU 

6 

Potassium 

Dupont 

Adlprene  L-100 
Polyurethane 

SAlO 

Kaell 

6 

Potassium 

Dupont 

Adlprene  L-100 
Polyurethane 

3^97-^98 

K 

Sodium 

Dupont  Duco 
Polystyrene 

SA97-498 

K 

Sodium 

Dupont  Duco 
Polystyrene 

S^97*“  ^98 

K 

Sodium 

Dumont  Duco 
Polystyrene 

S^07 

K 

Sodium 

Dupont  Duco 
Polystyrene 

S510 

K 

Sodium 

Krylon  1302 
Acryl lc 

Vacuum 


Pressure,  Torr 

Time,  hr. 

Appearance 

2 

X 

10- 5 

0 

Transparent  film. 

2 

X 

10- 5 

3 

Several  crazed  areas. 

2 

X 

10- 5 

12 

Coatings  entirely  crazed 
and  spalled;  coatings 
removed . 

2 

X 

10“  5 

0 

Transparent  film. 

2 

X 

10"5 

1/6 

No  change. 

2 

X 

10-5 

3 

Crazed  and  translucent 
areas;  coating  removed. 

2 

X 

10“* 

0 

Transparent  films. 

2 

X 

*1 

1 

0 

r-l 

1/6 

No  change. 

2 

X 

10- 5 

3 

Crazed  and  translucent 
areas;  coatings  removed. 

2 

X 

0 

1 

4* 

0 

Transparent  film. 

2 

X 

10- * 

l/»l 

No  change. 

2 

X 

10"5 

3 

Small  crack  near  center; 

transparency  unaffected; 
coating  removed. 

2 

X 

*-» 

0 

t 

t* 

0 

Transparent  film. 

2 

X 

*> 

1 

0 

A  few  small  cracks; 
transparency  still  good. 

2 

X 

10-5 

20 

Many  fine  cracks;  good 
transparency . 

2 

X 

10- 5 

0 

Transparent  film;  a  few 
bubbles  In  the  styrene 

• 

protective  coating. 

2 

X 

10- 5 

ii 

No  change. 

2 

X 

10“  * 

2*J 

A  few  bubbles  appear 
entanged;  good  trans¬ 
parency. 

6 

X 

10- 5 

2*1 

Some  edge  cracks;  a  few 
bubbles . 

6 

X 

10- 5 

2** 

Some  edge  cracks;  a  few 
bubbles . 
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Table  XIII 

POUR  POINT  LOAD  FLEXURAL  STRENGTH  OF  ALKALI  SILICA! 
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The  data  obtained  in  the  test  described  above  were  used  to  cal 
culate  the  modulus  of  elasticity,  according  to  the  equation  below: 


E  =  fcilL.  C3(a/LM(a/L)3] 
b  Hbd3 

»  Modulus  of  elasticity 

m  «  Slope  of  tangent  to  initial  straight  line  portion 
of  the  load  deflection  curve 

L  «  Support  span 

a  «  Distance  from  support  to  adhacent  load  point 

The  modulus  of  elasticity  data  in  Table  XIII,  for  the  alkali 
silicate  coatings,  are  comparable  with  the  modulus  values  for 
uncoated  polycarbonate.  Because  the  modulus  of  elasticity  values 
for  the  coating  and  the  polycarbonate  are  similar,  a  bond  failure 
would  not  be  expected  to  occur  under  low  stress  conditions.  Under 
high  stress  conditions,  however,  the  silicate  coating  cracks. 

h.  Stability  of  Coatings  After  Ultraviolet  Exposure. 

An  Atlas  weather-ometer  was  used  to  test  the  stability  of  alkali 
silicate  coatings  when  exposed  to  an  intense  ultraviolet  light 
source.  The  test  Involves  mounting  the  silicate-coated  polycarbon¬ 
ate  samples  vertically  and  rotating  the  sample  holder  in  a  circular 
path  (30"  diameter)  around  twin,  glass-enclosed  (protective  glass 
dome)  carbon  arcs.  The  test  chamber  temperature  rose  to  155°F 
during  the  22  hour  exposure  of  these  samples  to  the  intense  ultra¬ 
violet  source.  Table  XIV  indicates  the  spectral  distribution  of 
the  Atlas  enclosed  violet  carbon  arc  lamp  (Ref.  4).  The  effects 
of  this  test  on  various  PUSP  systems  are  detailed  in  Table  XV. 

Table  XIV 


SPECTRAL  DISTRIBUTION  OF  ATLAS  ENCLOSED  VIOLET  CARBON  ARC  LAMP  (Ref.  4) 


Spectral  Range  Noon  Summer  Sunlight  Twin  Enclosed  Arc 

Nanometers  (10~9  meters)  (Microwatts  per  Square  Centimeter) 


Below  340  nm 
340  -  400  nm 
400  -  750  nm 
750  -  above  nm 


1,040 

5,250 

59,800 

75.700 

141,800 


112 

10,000 

20,900 

28,500 


40 


TOTAL 


59,512 


ULTRAVIOLET  STABILITY  OP  ALKALI  SILICATE  COATINGS 
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After  the  test,  the  samples  appear  transparent  with  a  slight 
greenish  color.  This  change  in  the  visual  properties  of  the  test 
samples  can  best  be  illustrated  by  comparing  the  spectrophotometer 
graphs  recorded  both  before  and  after  the  ultraviolet  exposure. 

These  data,  recorded  on  a  Perkin-Elmer  Model  *150  spectrophotometer, 
are  shown  in  Figures  8-13. 

The  obvious  conclusion  to  be  gathered  from  these  graphs  is  that 
the  light  transmission  of  these  PUSP  systems  is  lowered  by  exposure 
to  the  ultraviolet  source.  The  protective  coating  on  the  silicate 
is  affected  by  the  ultraviolet  source  and  causes  a  reduction  in 
the  light  transmission  of  the  samples.  This  was  determined  by 
peeling  off  the  protective  coating  and  noting  the  greenish  discolora¬ 
tion  of  the  film  after  exposure.  The  data  indicate  that  the  ultra¬ 
violet  exposure  has  the  greatest  effect  on  polyurethane-coated 
samples  and  the  least  effect  on  polystyrene-coated  samples. 

i.  Effect  of  Water  Content  on  Silicate  Properties.  The 
percent  water  content  of  silicate  coatings,  after  various  stages 
of  drying  was  determined.  Assuming  that  only  a  negligible  amount 
of  water  remains  in  a  silicate  coating  after  oven  drying  at  225°F, 
the  silicate  water  content  (Immediately  after  application)  was 
found  to  be  50.5%.  The  percent  water  content  after  oven  drying  at 
100° ,  125°,  150°,  175°,  200°  and  225°F  is  shown  in  Table  XVI.  The 
hardness  of  the  coatings  varied  from  <6B  pencil  hardness  (immediately 
after  application)  to  a  hardness  (after  1  hour  of  225°F)  approaching 
that  of  Si02 .  It  should  be  possible  to  predict  the  coating  hard¬ 
ness  if  the  percent  of  water  is  known.  Also  an  optimum  water 
content  can  be  found  which  will  yield  coatings  that  are  more 
resistant  to  cracking  and  wrinkling. 

J.  Impact  Strength  of  the  PUSP  System.  Impact  tests 
were  conducted  using  a  Rhiehle  pendulum  impact  tester.  Both  K 
sodium  silicate  and  K  psi  16  potassium  silicate  were  selected  as 
nonflammable  protective  layers.  All  specimens  were  made  using  a 
polyurethane  bond  coat  over  the  polycarbonate,  a  silicate  layer,  and 
a  polyurethane  water  repellent  protective  coating.  The  coatings 
were  tested  by  Impacting  the  specimens  (having  a  1  inch  radius 
surface)  at  energies  ranging  from  15  to  l\5  ft-lbs .  In  addition,  nine 
uncoated  polycarbonate  coatings  were  subjected  to  parallel  tests. 
Initially  a  *15  ft-lb  energy  was  employed.  The  results  were  deter¬ 
mined  on  the  basis  of  visual  appearance  and  indentation  diameter. 

The  1.5"  x  1.5"  coatings  were  mounted  in  a  special  fixture  which 
allowed  support  over  the  entire  area  of  the  specimen.  Normally  on 
this  device,  the  impact  specimens  are  mounted  so  that  they  are 
supported  only  along  the  edge's.  However,  the  primary  objective  In 
this  test  was  to  determine  the  difference  in  impact  strength  botwen 
polycarbonate-urethane-silicate-protective  (PUSP)  coating  system.' 
and  the  original  uncoated  polycarbonate.  A  summary  of  test  results 
is  given  in  Table  XVII. 


*12 


In  contrast,  both  PUSP  specimens  (K  and  Kasil  6  silicate) 

cracked  through  the  polycarbonate  at  45  and  30  ft-lbs.  At  less 
than  30  ft-lbs,  only  the  silicate  was  shattered.  The  indentation 
diameter  was  less  than  that  observed  with  uncoated  polycarbonate 
at  similar  impact  energies.  The  results  appear  to  indicate  a  change 
in  polycarbonate  properties  that  is  probably  due  to  the  200°F 
cure  cycle  of  the  polyurethane  bond  coating  applied  to  the  poly¬ 
carbonate.  This  can  be  rectified  by  using  a  lower  temperature 
cure  cycle  (150°F)  for  a  longer  period  of  time. 

The  test  results  can  also  be  explained  by  realizing  the  effect 
of  the  brittle  silicate  coating.  Normally,  the  polycarbonate  would 
absorb  the  impact  energy  by  expanding  via  plastic  deformation. 
However,  the  brittle  silicate  layer  will  absorb  little  energy  and 
will  tend  to  constrain  the  polycarbonate  and  not  allow  deformation 
resulting  in  the  cracking  of  the  polycarbonate. 
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Non-Alkali  Silicates  and  Silica  Coatings 


1.  Consideration  of  Approaches.  Another  approach  to  the 
fabrication  of  a  water-insoluble,  nonflammable,  transparent  coating 
on  polycarbonate  involved  the  use  of  non-alkali  silicates  and 
silica  coatings.  While  insolubilization  of  the  silicates  is 
possible  with  the  solution  of  salts  containing  di-  and  trivalent 
cations,  the  products  found  tended  to  be  nontransparent.  Silica 
coatings  are  both  transparent  and  water  insoluble. 

The  possible  approaches  to  silica  coatings  that  were  con¬ 
sidered  are  summarized  below: 

•  Glass  resins :  These  commerclally-avallable  resins  are 
modified  organic  silicas. 

•  Hydrolyzed  Ethyl  Silicate:  Slightly  polymeric  ethyl 
silicates  such  as  ethyl  silicate  ^0  can  be  hydrolyzed 
to  a  clear  silica  film. 

•  Acidified  Potassium  Silicate:  Potassium  silicate  can  be 
acidified  and  converted  to  polysilica  acid  that  can  plug 
to  a  clear  silica  casting.  A  weak  acid  can  also  be  used 
to  cause  in  situ  conversion  of  silicate  to  silica  coating 
as  demonstrated  by  work  at  Goddard  Space  Flight  Center. 

•  Silica  Gel:  Incorporation  of  a  small  amount  of  organic 
thickening  agent  in  a  commercially  available  silica 
gel  allows  film  formation  without  precipitation  of  the 
silica  as  a  powder. 

The  principle  problems  anticipated  were  differences  in  the 
expansion  coefficient  between  polycarbonate  and  silica,  shrinkage 
cracks  in  the  inorganic  layer  found  during  water  removal,  and  the 
difficulty  of  removing  entrapped  water  from  within  a  relatively 
thick  silica  film.  The  use  of  elastomeric  urethane  and  multiple 
applications  of  silica  was  expected  to  alleviate  this  problem. 

2.  Modified  Silica  Coatings  for  Flame  Retardation.  Modified 
organic  silica  coatings  appeared  from  screening  tests  to  be  sig¬ 
nificantly  less  effective  than  alkali-silicate  coatings  in  preventing 
flame  damage  to  a  polycarbonate  sheet  (Table  XVIII).  In  the  screen¬ 
ing  test,  a  propane  .torch  flame  was  Impinged  horizontally  on  the 
broad  side  of  a  specimen  supported  by  a  clamp  on  one  side.  The 
flame  temperature  was  approximately  2000°F  at  the  point  of  impingement 

These  limited  data  indicated  that  the  barrier  coating  on  poly¬ 
carbonate  should  preferably  serve  as  an  oxygen  barrier  (to  prevent 
oxidation  of  the  polycarbonate)  and  as  a  thermal  insulator  (to 
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Glass  resin  retrained  Intact  and  helped  prevent  softened  polycarbonate  fron  dripping  onto  bench 
Philadelphia  Quartz,  "K",  ambient  temperature  cured  (Specimen  #230) 

Philadelphia  Quartz,  Kasil  6,  cured  through  16  hours  at  19S°C  (Specimen  #186) 

Urethane  melted 


retard  melting  and  collapse  of  the  polycarbonate).  The  alkali- 
silicate  coatings  serve  both  functions.  They  intumesced  to  form 
an  inorganic  foam  that  retarded  heat  transfer  sufficiently  to 

specJ|"en  withstand  burning-through  or  excessive 
1  8  f  "?ore  than  75  sec°nds.  In  contrast,  silica  or  glass 

in^of^the^oly carbonate?  h*"10"3  bUt  di<J  "0t  greatl*  retard 

^  An  uncoated  piece  of  polycarbonate  (1"  x  3"  x  0.131")  st-a-ri-ea 
to  burn  within  five  seconds  in  propane  flame  but  was  self-extineuishino- 
upon  removal  from  the  flame.  The  cample  also  started  to  soWen^d  8 

andPflowedfl?mth?ehf.?n’et.>'lthln  3  £ew  seoonds-  The  polymer  melted^ 

to  the  benrt  os  «  atea*  ?nd,the  whole  piece  melted  and  dropped 
to  the  bench  in  25-35  seconds.  A  slightly  larger  niece  (7"  *  ?»\ 

rigidfi-811?11^  1?®lting  characteristics,  but  retained  sufficient 

seconds)/0  &V°id  catastroPhic  melting  failure  slightly  longer  (40 

j  36-mil  thick  piece  of  soft  glass  attached  to  the  DOlvcarbonate 

H?5ltlng  0f  the  for  approximately  another  30  seconds 

conditions*1  °?SUr  Vithln  60-70  seconds  under  the  screening  test 
conditions.  The  glass  cracked  in  all  cases,  but  if  the  pieces 

were  held  in  their  original  position,  no  sign  of  charring  of  the 

usldChp?°nate<-KCCU^red'  When  a  Polyurethane  adhesive  layer  was 
oSslvbhv  thp  fhJ  gla8£  a?d  P°Iy carbonate ,  it  was  decomposed  vigor- 

edges  of  Ihl  «?^n8S  ?6a  J  and  the  gases  evolved  burned  around  the 
eages  of  the  strip.  In  a  separate  experiment,  the  urethane  lost 

all  adhesive  characteristics  as  it  became  fluid  within  15  seconds 
when  heated  under  v60  mil  thick  silica  slide.  The  silica  did  not 

re lat i ve ly b f ast yanSml S S lon  of  heat  throuSh  the  silica  was  still 

Cfirh/^eGlaiSiS/eSiu  650  generally  showed  poor  adhesion  to  the  poly¬ 
carbonate.  Under  the  stresses  imposed  by  rapid  heating  the  650  y 

generally  cracked  quickly  or  peeled  away  from  tKf’suirtrrte 
Even  when  an  intermediate  polyurethane  adhesive  layer  was  used  the 
650  resin  popped  off  almost  Immediately  upon  contact  o”  h"  n« 

t!?f  coating.  The  adhesion  of  thick  sections  (8-10  mils)  prior 
to  heating  was  marginal  on  flame-cleaned  polycarbonate.  Over  a 

erftek^rt^r?0  adhesl're  prlme  coating,  the  650  resin  was  slightly 
sItisfac?orvr  r2??h temperature  drying,  but  adhesion  was  reasonably 
_a  *  Although  the  650  resin  did  not  burn,  heat  transfer 

across  a  thin  coating  of  650  rosin  would  be  expected  to  be  rapid 
This  product  did  not  look  attractive  for  further  development. 

resinarL?Jafrtr?nt  1!?ltial  softening  data  for  the  uncoated  and  650 
ou?  ?nab?MtvP?iynh  natG  ar?  ralatively  insignificant  and  measure 
Snder  thl  llL  ^  pre<;isely  the  softening  characteristics 

erffL  o  ?ftdod  more  than  any  significant  difference  in  prop- 
flame  infr.?me  sllght  shielding  of  the  polycarbonate  from  direct 

or  the  coaieTsample^  ^  Sllghtly  delayed  the  apparent  softening 
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Although  several  routes  to  silica  coatings  were  apparent,  It 
was  concluded  that  the  alkali-silicate  route  was  the  most  promising. 
The  water  sensitivity  of  these  coatings  may  be  most  satisfactorily 
minimized  by  overcoating  with  a  very  thin  water  repellant  coating 
such  as  an  alkyl  silane. 

C.  PI a-sma-Spra-yed  Coatings 

Through  the  use  of  refined  arc-plasma  spraying  techniques, 
extensive  studies  have  been  carried  out  in  an  effort  to  produce  a 
nonflammable  transparent  coating  on  polycarbonate.  Refined  plasma 
spraying  methods  are  necessary  to  avoid  undesirable  degradation  of 
the  polycarbonate. 

In  the  arc-plasma  generator,  an  inert  or  nonoxidizing  gas 
(usually  argon,  helium,  or  nitrogen)  is  passed  through  a  high-energy 
dc  arc  producing  a  very  high-temperature,  continuous  plasma  stream. 

The  high-energy  stream  issues  from  the  front  nozzle  of  the  genera¬ 
tor,  resembling  an  open  welding  flame.  Powders  may  be  injected 
into  the  plasma  Jet  for  controlled  melting  and  deposition  of  a 
coating  on  the  selected  substrate.  The  construction  of  a  plasma 
spray  torch  and  the  arrangement  of  the  supporting  equipment  for 
production  of  plasma-sprayed  coatings  is  shown  in  Figure  14.  Using 
this  equipment,  various  studies  have  been  carried  out  in  this 
laboratory  involving  a  wide  range  of  conventional  and  special 
metallic,  ceramic,  composite,  and  polymeric  materials  for  numerous 
different  applications.  The  development  of  a  coating  for  poly¬ 
carbonate  by  the  arc-plasma  process  therefore  seemed  a  logical 
extension  of  the  technology  based  on  preliminary  plasma-sprayed 
particle  studies. 

1.  Screening  of  Candidate  Materials.  The  initial  screening 
of  materials  emphasized  the  testing  and  evaluation  of  rather  basic 
chemical  compounds  exhibiting  a  cubic  crystal  structure  and/or 
desirable  melt  characteristics.  The  initial  candidate  materials 
included:  Y203*Th02  (GE.  Yttralox),  Mg0*Al203  (spinel),  MgO 

(periclase),  CaO,  CaF2 (fluorite ) ,  S10  (quartz),  LiF,  A1203  (corundum), 
B203  and  sodium  borosilicate  glass.  These  candidate  spray  powders 
were  exposed  to  100#  relative  humidity  conditions  at  36°F  for  21.5 
hours.  With  the  exception  of  A1203,  CaO,  and  sodium  borosilicate 
glass,  most  of  the  materials  showed  reasonably  good  resistance  to 
this  environment  as  indicated  by  their  practically  nil  weight  gain. 
However,  A1203  ,  C.aO,  and  sodium  borosilicate  glass  showed  significant 
weight  increases  of  3.1,  7.4,  and  10.2#,  respectively.  Secondly, 
the  candidate  materials  were  evaluated  by  routine  particle  impact 
studies.  In  this  procedure,  the  plasma  torch  is  passed  rapidly  across 
a  series  of  microscope  slides  mounted  at  various  distances  from  the 
torch  nozzle.  A  rudimentary  diagram  of  this  test  is  shown  in 
Figure  15.  Various  torch/electrode/nozzle  combinations  are  studied 
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Plasma-Sprayed  Coatings,  showing  Details  of 
the  Plasma  Spray  Torch  with  Standard  Argon 
Electrodes . 


PARTICLE  IMPACT 


TORCH 


GUIDE  BAR 


Figure  15 •  Schematic  Arrangement  of  Equipment  for  Observing 

Melting  Characteristics  of  Spray  Powders  at  Various 
Torch  Conditions 


with  selected  arc  gas  types  or  mixtures.  Microscopic  examination 
of  each  glass  slide  indicates  the  degree  of  melt  and  flow  for  each 
material  at  one  set  of  conditions.  Evaluation  of  a  whole  range 
of  conditions  establishes  base  plasma  spraying  conditions  for  each 
material.  The  general  appearance  of  these  particle  impact  slides, 
using  different  materials,  is  shown  in  Figure  16.  The  results  of 
these  particle  impact  studies  are  contained  in  Table  XIX. 

2.  Survey  of  Glass-Forming  Systems.  After  the  initial 
screening  of  various  chemical  compounds  showed  limited  promise, 
the  experimental  approach  was  redirected  to  find  several  glass 
compositions  that  would  permit  the  coating  of  polycarbonate  by 
arc  plasma  techniques.  In  order  to  achieve  this  goal,  it  was 
necessary  to  find  a  glass  composition  with  the  appropriate  physical 
characteristics,  i.e.,  transparency,  colorless,  chemical  stability, 
and  low  viscosity  at  the  liquidus  temperature.  It  was  necessary 
therefore,  to  evaluate  several  glassy  systems  and  their  modifica¬ 
tions  to  obtain  the  required  properties.  Preliminary  information 
indicated  that  soda-borate  and  soda-lime-silica  glasses  might  meet 
the  necessary  conditions.  Soda-borate  glass,  however,  showed  no 
promise  due  to  its  very  poor  chemical  stability  and  optics. 

Figure  17  (Ref.  5)  shows  the  phase  equilibrium  relations  in  the 
portion  of  the  system  Na20-CaO-SlC>2  that  is  of  interest  to  glass 
technology.  Glasses  along  the  devitrite  (Na20*  3CaO*  6SIO2  )-sodium 
disilicate  (Na20*2Si02)  boundary  curve  are  much  too  viscous  for 
plasma  spraying.  Emphasis,  therefore,  was  shifted  to  compositions 
in  the  devitrite  field  with  liquidus  temperature  between  900°C 
and  1050°C.  Optically,  the  soda-lime-silica  glasses  are  excellent 
but  they  tend  to  be  very  viscous  causing  the  retention  of  bubbles 
and  inhibiting  complete  mixing.  Experimental  work  was  conducted 
to  prepare  a  soda-llme-sillca  glass  with  better  flow  characteristics. 
The  replacement  of  Na20  by  CaO  results  in  considerable  improve¬ 
ment  in  chemical  durability,  reduction  of  thermal  expansion  co¬ 
efficient,  and  an  Increase  in  the  melt  viscosity.  Rawson  (Ref.  6) 
states  that  higher  CaO  and  lower  Si02  decreases  the  melt  viscosity. 
However,  too  much  CaO  gives  a  glass  that  is  difficult  to  melt  and 
sure  to  devitrify.  Too  little  lime  yields  a  glass  with  poor  chemical 
durability  but  with  a  low  melting  point.  Also,  the  addition  of  small 
amounts  of  B?0;)  to  promising  compositions  in  the  soda-lime-silica 
systems  was  considered  (Ref.  7).  Such  a  modification  was  incorpora¬ 
ted  in  a  series  of  experimental  glasses  which  fall  basically  in  the 
alkali -B2O3-SIO2  system.  Several  glasses  in  the  system  BaO-Al203- 
BytO-f,  arid  modifications  made  therefrom,  were  evaluated.  The  basic 
ternary  compositions  were  taken  from  the  work  of  Hirayama  (Ref.  9). 
Their  general  location  in  the  ternary  diagram  is  shown  in  Figure  18. 
Because  of  the  refractive  index  and  flux  properties  of  cryolite 
(NaaAlFfc),  a  series  of  samples  was  prepared  based  on  the  cryolite- 
refractory  oxide  system  with  some  additives  to  enhance  the  melt 
characteristics.  Other  more  specialized  glass  compositions  were 
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Figure  16 


Plasma-Sprayed  Transparent  Particles 


Table  XIX 


PAMT1CLK 

IMPACT  ST0P1 KS  OP  AMI k 

candidate  mateiuaek 

.  ..  No, 

Nprayptt 
t  Material 

_ _ tlyiUpn  »i; _ 

Mesh 

„  &}«*..  . 

_ jJommrtMla,.  . . 

ri- 12 

Quit  I1 1  * 

Oeneral  Electric 

-400 

Tranopnrant  particles; 
limited  flow 

P-13-24 

Quartz 

Oeneral  Electric 

-400 

Improved  flow 

P-25-36 

Quartz 

General  Electric 

-400 

Transparent;  partially 
flowed  particles 

P37-40 

Quartz 

General  Electric 

-400 

Transparent;  partially 
flowed  partlcleo 

pJ<  9- 6  o 

Quartz 

General  Electric 

-325 
+  400 

Transparent;  partially 
flowed  particles 

P63-90 

Quartz 

Oeneral  Kleotrlc 

Transparent;  partially 
riowed  particles 

P99-J25 

Quartz 

Oeneral  Electric 

-400 

Transparent;  partially 
flowed  particles 

P126-15? 

CaO 

Baker  1  Adamson 

as 

roce 1  ved 

Transparent;  flowed 
particles 

P153-JV5 

CaO 

Baker  &  Adcmcon 

ae 

rece 1 ved 

Transparent;  flowed 
particles 

P4?9 -b2<> 

CaO 

Baker  &  Adamson 

-4()0 

Transparent;  flowed 
particles 

P1^6-l62 

MeO 

Cerao  1281 

-325 

Transparent;  flowed 
particles 

P183-209 

MgO 

Cerao  1281 

-32b 

Transparent ;  flowed 
particles 

P212-239 

MgO • AI?0  j 
(spinel) 

Cerac  1118 

-325 

Transparent;  flowed 
particles 

3 1 — ^  7  8 

■MgO- AljOj. 

(spinel ) 

Cerac  1118 

-32b 

Tranoparent ;  flowed 
particles 

P240-243 

Sodium 

Silicate 

Fischer  Scientific 

.  -100 
+  250 

Transparent;  flowed 
particles 

P?U^?I»9 

Sodium 

Borosl llcate 

Fischer  Scientific 

-32b 

Transparent;  limited 
flow 

P2fj0-252 

Sodium 

Boroslllcate 

Fischer  Scientific 

-32b 

Transparent;  limited 
flow 

10*  CaO 

PbP7-b74 

CaF? 

J.  T.  Baker 

-400 

Many  unmnltcd  particles 

Pb75-622 

CaP? 

J.  T.  Baker 

-400 

Many  unmnltcd  partlcl** 

p6?3-670 

B?0, 

Matheoon 

-400 

Transparent;  oome  coa¬ 
lesced  particles 

P671-7I8 

BjOj 

Matheoon 

-400 

Increased  coalescence 

f*2^8-?8l 

A1?0, 

Du  Pont 

Colloi  cl 1 

as 

rood ved 

Transparent;  flowed 
particles 

P2H2-309 

A1?0, 

Du  Pont 

Colloidal 

as 

received 

Transparent;  flowed 
part  1 c leo 

1*308-355 

Na^O, 

Mnl llnckrodt 

unsized 

Transparent;  flowed 
part  teles 

1*360-383 

Nft j  B4O  y 

Mnl llnckrodt 

unsized 

Transparent ;  flowed 
particles 

P387-430 

No  ?  Hit  0  7 

Malllnckrodt 

unsized 

Trarmparent ;  flowed 
partlcleo 
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Figure  17.  The  portion  of  the  ternary  system  Na20-Ca0-Si02 
of  interest  to  glass  technology,  according  to 
Morey  (1930);  weight  percent  of  Na20  obtained 
by  subtracting  sum  of  CaO  plus  Si02  from  100. 


Figure  18.  Glass-forming  portion  of  the  System  BaO-Al 20 3-B203 . 

o  clear  glass 
•  devitrified 
A  immiscible 
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obtained  from  published  papers  (i.e.,  Ref.  10),  abstracts,  and 
patents  (i.e..  Ref.  11).  Beyond  the  evaluation  and  modification 
of  experimental  glasses,  the  materials  available  on  the  commercial 
market  were  scanned.  Several  glaze  and  enamel  frit  compositions 
with  promising  properties,  were  chosen  from  those  available  for 
testing  by  arc  plasma  methods. 

3.  Plasma  Spraying  of  Glass  Compositions. 

a.  Preparation  and  Appearance  of  Coatings.  Generally, 
the  experimental  glasses  studied  were  located  in  one  of  the  following 
systems:  alkali-B203-S102 ,  soda-lime-silica,  Ba0-Al203-B203 , 
cryolite-based  glass,  and  several  specialty  glasses  (i.e..  Refs. 

10  and  11).  The  detailed  compositions  of  the  thirty  glasses  evalua¬ 
ted  during  this  program  are  shown  in  Table  XX.  Each  of  the  composi¬ 
tions  was  prepared  in  small  batches  (10  grams)  for  observation  of 
the  melt  properties  and  optical  qualities.  Then  the  promising 
compositions  were  prepared  in  400  gram  batches  for  evaluation  by 
particle  impact  studies.  Glasses  8,  16 ,  and  20  were  prepared  in 
large  batches,  and  their  particle  impact  data  are  shown  in  Table  XXI. 

In  addition  to  the  experimental  glasses,  five  commercial  glasses 
were  selected  for  particle  impact  studies  because  of  their  low 
fusion  points.  The  results  of  these  particle  impact  studies  are 
contained  in  Table  XXII.  Using  the  optimum  conditions  determined 
in  the  particle  impact  studies,  coatings  (ranging  in  thickness 
from  2-10  mils)  of  glasses  16  and  20,  Pemco  1729  and  1730,  and 
A1203  (conditions  determined  previously)  were  applied  directly  onto 
2"  x  2"  Lexan  polycarbonate  as  follows: 

8  samples  (2123-2131)  of  A1203 
16  samples  (2132-2139)  of  Glass  20 

8  samples  (2140-2143)  of  Glass  16 
12  samples  (2144-2149)  of  Pemco  1730 
12  samples  (2150-2155)  of  Pemco  1729 

The  coatings  were  uniform  and  well-bonded  to  the  polycarbonate, 
except  for  the  small  areas  where  glass  globules  were  deposited  or 
where  spalling  occurred. 

Optically,  the  coatings  were  translucent-to-opaque ,  varying 
with  the  glass  type  and  the  coating  thickness.  Figure  19  illus¬ 
trates  the  optical  character  of  the  samples  in  transmitting  a 
pattern  and  light,  as  compared  with  uncoated  Lexan  polycarbonates. 

The  light  source  is  below  the  samples  and  grid.  All  of  the  samples 
show  some  definition  of  the  grid  pattern  in  transmitted  light.  The 
clarity  depends  upon  the  thickness  and  quality  of  the  coatings. 

Figure  20  illustrates  the  optical  character  of  the  samples  in 
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Titbit?  XX 


EXPERIMENTAL  PUSS  COMPOSITIONS 


Sample 


Composition 


Comments 


Glass 

1 

S102 

b2o3 

k2co3 

BaO 

NajCOj 

4.0 

2.9 
1.5 

1.9 

Qiaos 

2 

BjOj 

S102 

K2C03 

BaO 

5.0 

2,0 

1.5 

1.5 

Glass 

3 

liSj' 

Na?C03 

K,COj 

BaO 

4.0 

1.0 

?.o 

1.5 

1.5 

Glass 

4 

2b0 

19- 

i !  1$ 
0.204 
1.531 

Glass 

6 

S102 

Na,CO, 

K,C0, 

BaO 

3.0 

1.0 

?.o 

?.o 

?.o 

Glass 

6 

S10, 
CaCOt 
Na2CO 3 

7.3 

1.338 

3.33 

Glass 

7 

310; 
CaCO, 
Ns2C0 3 

6.9? 

0.094 

4.408 

Glass 

8 

b2o3 

S102 

k2co3 

BaO 

4.0 

3.0 

2.2 

1.5 

Olass 

9 

B203 

3102 

k,co3 

BaO 

3.0 

4.0 

1.5 

Glass 

10 

B?0, 

SiO, 

CaCOj 

Na2C03 

0.136 
6. 826 
0.88 
4.349 

Olass 

n 

BjOj 
S102 
CaCO  i 

Na  jCO ) 

1.0 

6.0 

2.677 

Glass 

1? 

BjO, 

810, 

CaCO, 

Ns  jCO | 

2.0 

4.0 

3.569 

3.419 

Glass 

13 

B,0, 
810, 
CaCO  3 
K2C0s 

1 .0 
5.0 
2.677 
3.66 

Glass 

14 

b203 

sio2 

CaCOj 

k2co3 

2.0 

4.0 

3.569 

Gians 

19 

HpOj 
81,0  3 
BaO 

8.  0 

1.0 

1.0 

Olass 

16 

B.Oj 

Al?0j 

biio 

4.0 

1.0 

6.0 

Glass 

17 

sio, 

Ntt2C0, 

1,1  ,CU, 

0.7? 

2 . 06 
4.49 
0.13 
3.097 
0.916 

Olass 

18 

B?0, 

A  1,0, 
BaO 

Na2C0  j 

3.5 
1.0 

4.5 

1 . 709 

Olass 

19 

Al,0, 

BaO 

Na?CO , 

4.0 
0.8 
4.4 
o.  n 

Olann 

20 

B?0| 

A1;0, 

BaO 

K|C0  j 

J  >  6 
1.0 
4.6 

1  .  466 

Soft  by  800°C(  but  not  fluid  at  950°C. 
Resultant  glass  lo  grecnl3h  but  trans¬ 
parent. 


Soft  by  800*C,  pourable  at  950°C. 
Resultant  glass  Is  bluish.  Even  with 
Its  high  R*0j  content  this  glass  la 
stable  and  warrants  further  modifi¬ 
cation  . 

Fluid  by  750°C,  pourable  at  800*C. 
Transparent  glass,  but  greenish.  The 
fluid  nature  Is  excellent  but  chemical 
stability  is  very  poor. 


Componltlon  from  British  Patent 
11,0111 ,945.  Very  riuld,  but  yellow 
opaque.  No  further  Interest 


Pourable  at  9‘_>0°C.  Transparent  glass 
but  greenish-brown  hue.  Chomlcal 
stability  Is  poor. 


Not  completely  melted  after  8  hrs  8 
1000°C.  Optically  clear,  but  viscous. 
Poor  mixing  due  to  the  viscosity. 

Melted  pretty  good  after  8  hrs  8 
1 000°C .  Optically  clear,  but  viscous. 


Excellent  properties,  clear  and  pour¬ 
able  after  4  hre  8  950°C.  So  good 
that  h00  g  batch  was  prepared  for 
particle  impact  study. 

Very  vIocoub,  not  pourable.  Bluish 
color  after  4  hrs  8  950°C. 


Clear  glass,  but  vory  viscous,  not 
pourable  after  4  hrn  8  950*C,  The 
componltlon  taken  Trom  0.  W.  Morey 
(193?). 

Not  pourable  after  6  hrs  I  1000*C. 
bluish  color.  Poor  optical  properties. 


Oood  optloul  and  physical  properties. 
Pourable  after  6  hrn  8  1000°C. 
Greenish  color,  but  transparent. 


Poor  glass.  Not  pourable  and  opaque. 


Poor  glass.  Not  pourable  and  opaque. 


Bubbled  up  at  ^TOO^C;  Mootly  melted 
by  06O°C,  but  still  nome  unmelted 
material  at  1000°C.  White,  opaque, 
arid  not  pourable,  so  no  further 
1  iitrrunt . 

No  bubbling  observed;  All  melted  by 
1000°C .  Clear  and  readily  pourable, 
so  may  bo  feasible  for  p Isamu  spray¬ 
ing. 

Shows  good  molting  properties;  Very 
fluid  at  a.950°C,  but  melted  below 
700*0.  Looks  promising  for  plasma 
spraying. 


Some  bubbling.  Good  melting  proper- 
lien;  Very  fluid  at.  *v960°C.  Appear- 
unee  not  optimum  becuune  of  a 
slight  greenish  color. 

Lons  bubbling  than  Olaas  18.  Good 
molting  propertlen;  very  fluid  at 
*99GnC.  Good  appearance;  clear  and 
colorless.  Looks  promising  for 
plnntnn  spraying. 

Evidence  of  melting  at.  ,v700oC. 
Colorless  and  pourable  at  990*0; 
clear.  Looks  promising  for  plasma 
spraying. 


Cont'd  of  Table  XX 


Sample 

Composition 

Glass 

21 

B»°s 

*1.0 

A1203 

0.8 

BaO 

n.n 

KjCOj 

1.173 

Glass 

22 

BjOj 

3.5 

A120, 

1.0 

BaO 

*1.0 

PbO 

1.0 

Na2C03 

0.855 

Olass 

2  3 

®?Oj 

3.0 

A1?0  j 

0.7 

BaO 

3.6 

PbO 

2.0 

NajCO, 

1.196 

Olaos 

?*4 

"ft, 

3.5 

1.0 

k.o 

PbO 

1.0 

K2C0j 

0.733 

Olass 

25 

SiOj 

9.0 

No  j  AlF’t 

1.0 

Glass 

2  6 

A1?0» 

9.0 

Na )AlF( 

1.0 

Olass 

27 

CaCOj 

NajAlFt 

35.89 

1.1 

Glass 

?8 

BaO 

6.60*4 

AhO, 

0.888 

b,63 

2.  *428 

Glass 

29 

SiO? 

7.978 

NajAlF* 

2.795 

Olass 

30 

S10» 

6.0 

Na.AlFt 
B20  s 
Na2CO| 

?.0 

1.0 

1.0/09 

_ _ Comment  o 

Evidenca  of  melting  at  'vBO0°C. 
Essentially  colorless  nnd  pourable  at 
9!iOuCj  clear.  Fritted  sample  slightly 
more  whitish.  Might  be  promising  for 
plaanm  spraying. 

Evldenco  of  melting  at  ,v800oC. 
Essentially  colorless  and  pourable  at 
950°C.  Looks  promising  for  plasma 
spraying. 


Evidence  of  melting  at  <v700°C. 

Higher  lead;  yellowish  color,  but 
still  essentially  clear.  Fourable 
at  950°C.  Plasma  spraying  could  be 
tried  i r  others  fall. 

Evidence  of  melting  at  ■v800°C. 
Colorless  and  pourable  at  950°C. 
Looks  promising  for  plasma  spraying. 


No  molting  by  1000°C. 


No  melting  by  1000®C. 


No  molting  by  1000°C. 


Shows  good  properties.  Melted  at 
950°C  and  quite  fluid;  readily 
pourable.  Colorless. 

Evidence  of  sintering,  but  no 
melting  by  1000°C. 

Melted  by  1000®C,  but  still  rather 
viscous.  Colorless  and  white 
regions  observed  due  to  lack  of 
ml  xing. 
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*  (M)  *  Metals  Nozzle 

**  (C)  =  Ceramics  Nozzle 


Table  XXII 


K£>JXJCML  studies  op  cohhctci.aj.  A^s-JsPJS£P-f?.??ifi!?S 


OlfciBfl 

Sample 

Arc  Onh 
Flow 

Current 

Kleotrotfen 

Gone  ml  Appearance 

Pemeo 

11-5*156 

81)3-869 

1.5-2. 5 

200-600 

SO-IU(M). 

Discrete,  Irregular,  rounded,  transparent 
particles.  Poor  adherence.  No  coalescence. 

Pemeo 

Pb-63 

780-806 

1.5-2. 5 

200-600 

SG-IB(M) 

Transparent  particles;  some  unmelted.  Poor- 
adherence.  No  coalescence  but  some  flow. 

Pemeo 

Pb-63 

807-8*12 

1.5-2. 5 

200-600 

S0-1D(C)*» 

Rounded  or  stringy,  transparent  particles. 

Poor  adherence  arid  generally  no  coalescence. 
Some  samples  at  higher  power  show  good  melt¬ 
ing  and  limited  coalescence. 

Pemeo 

Pb-63 

870-881 

1.5-2. 5 

1100-600 

SQ-IB(C) 

Transparent,  Irregular  masses.  Limited  ad¬ 
herence  but  some  coalescence. 

Pomco 
i'b  5*15 

909-926 

1.5-2. 5 

1100-600 

S0-1D(M) 

Few  particles.  Yellowed  film  with  no  adherence 

Pemeo 

Pb  6*15 

930-956 

1.5-2. 5 

200-600 

sa-iu(c) 

Hounded  or  irregular,  transparent  particles. 
Poor  adherence  and  no  coalescence.  Tendency 
to  turn  yellow . 

PKRRO 

3819 

(-100) 

1216-1263 

0. 5-2.0 

200-800 

sa-3 

Mul tl -sized,  transparent  particles;  rounded 
and  Irregular.  No  adherence  or  coalescence. 

PKRRO 

3819 

(-325) 

126*1-1311 

0.5-2. 0 

200-800 

sa-3 

Rounded,  transparent  particles  with  white  film 
(unmelted).  No  adherence  or  coalescence. 

Pemeo 

1729 

(-100) 

1313-1360 

0. 5-2.0 

200-800 

sa-3 

Clear,  rounded  particles  with  Increased 
power.  Some  flow  therefore  adherence  and 
coalescence  observed. 

Pemeo 

1729 

(-325) 

1361-1*120 

0. 5-2.0 

200-800 

so- 3 

Mainly  small,  rounded,  transparent  particles. 
Some  adherence.  Yellowed  film  forms  at 
higher  power. 

Pemeo 

1729 

(-325) 

1*121-1*156 

0. 5-2.0 

200-600 

S0-1B(M) 

Small,  rounded,  transparent  particles. 

Limited  flow,  coalesoence,  and  adherence. 

Pemeo 

1729 

1*157-1*159 

0. 5-2.0 

200-600 

SO-IB(M) 

Shr-N2 

Round  and  iregular,  transparent  particles. 

Some  flow,  coalescence,  and  adherence. 

(-325) 

Pemeo 

1730 

(-100) 

1502-15**6 

0.5-2. 5 

200-600 

S0-1B(M) 

Multi-uisod,  clear,  rounded  particles. 

Some  flow,  coalescence,  and  adherence. 

Pemeo 

17  30 
(-329) 

15**7-1591 

0. 5-2.5 

200-600 

SO-IB(M) 

Clear,  round,  transparent  particles. 

Limited  adherence  and  flow. 

Pemeo 

1730 

(-100) 

1595-1639 

1. 0-2.0 

200-800 

SO- 3 

Multi-sized,  round  and  Irregular,  transparent- 
particles.  Some  adherence  but  limited  flow. 

Pemeo 

1730 

(-325) 

16*10-1687 

0. 5-2.0 

200-800 

sa-3 

Round,  transparent  particles.  Some  adherence 
but  limited  flow. 

B  <M) 
B"  (C) 

»  Mellila  No 
™  Cor amt  on 

?.k1q 

Nor.  2. la 
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Figure  19.  Illustration  of  Transmitted  Light 
Properties  of  Plasma-Sprayed  Glass 
Coatings.  (Light  Source  is  Below 
the  Samples  and  Grid.) 


Sample  2136 
Glass  20 
3-mil  Coating 


t  j-tj 


Un  coated 
Lexan 

Polycarbonate 
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Glass  16 
4-mil  coating 
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Illustration  of  Reflected  Light 
Properties  of  Plasma-Sprayed  Glass 
Coatings.  (Light  Source  is  Above 
the  Samples  and  Grid.) 


Figure  20. 


reflected  light;  the  light  source  is  above  the  samples  and  grid. 
Sample  21*13,  Glass  16,  4-mil  coating,  is  the  only  coating,  showing 
definition  of  the  grid.  The  other  coatings  are  more  whitish  and 
opaque,  and  do  not  permit  penetration  of  reflected  light. 

b.  Light  Transmittance.  Using  a  Perkin-Elmer  Model  450 
ultraviolet,  visible  and  near-infrared  spectrophotometer,  light 
transmittance  data  were  obtained  for  several  plasma-sprayed  glass 
coatings  on  polycarbonate.  The  results  shown  in  Figure  21.  compare 
the  transmittance  of  glass-coated  polycarbonate  with  uncoated  Lexan 
polycarbonate.  These  data  experimentally  confirm  the  visual  observa¬ 
tions;  the  glass  coatings  show  translucent-to-opaque  optical  prop¬ 
erties.  As  expected,  the  film  thickness  affects  the  transmittance 

as  shown  by  the  Pemco  1730  sample.  The  8-mil  coating  has  up  to  5% 
transmittance,  but  the  10-mil  coating  shows  1!?  or  less  transmittance. 
In  addition,  the  chemical  composition  of  the  glass  appears  to  be  a 
factor.  Glasses  16  and  20  are  both  basically  barium  aluminum 
borate  compositions,  but  glass  20  has  potassium  cahbonate  added. 

The  transmittance  data  show  glass  16  has  up  to  20J5  light  transmission 
but  glass  20,  with  thinner  coatings,  shows  no  better  than  2-4£  light 
transmission.  Light  transmission  properties  depend  upon  the 
thickness  and  chemical  composition  of  the  coating. 

c.  Flame  Propagation  Studies.  Using  the  flame  test 
equipment  described  in  Section  2C,  plasma-sprayed  coatings  of 
alumina  and  Pemco  glass  were  tested  at  1000°C.  The  results  indicate 
that  such  coatings  offer  only  limited  thermal  resistance  to  an 
impinging  flame.  In  the  case  of  the  alumina,  after  exposure  to 

the  flame,  the  coating  cracks  in  ^10  seconds,  and  the  polycarbonate 
burns  through  after  ^65  seconds.  This  cracking  (due  to  thermal 
shock)  of  the  coating  results  in  a  drastic  loss  in  flame  resistance 
as  the  polycarbonate  is  then  exposed  to  the  direct  flame.  In  the 
case  of  the  Pemco  glasses,  the  coating  melts  in  'vlO  seconds,  and 
the  polycarbonate  burns  through  after  30  seconds.  The  performance 
of  these  glasses  is  indicative  of  the  problem  in  formulating  a 
glass  for  plasma  spraying  that  offers  flame  resistance.  In  order 
to  plasma  spray  a  transparent  glass  coating  on  polycarbonate,  the 
glass  must  be  very  low  melting  and  have  a  very  fluid  melt.  As 
shown  by  the  translucent  Pemco  glass  coatings  (which  melted  in 
the  flame  test),  even  if  a  transparent  glass  coating  is  prepared 
by  formulating  a  very  low  melting,  fluid  composition,  the  flame 
resistance  of  such  a  coating  would  probably  be  extremely  limited. 

4 .  Selective  Melting  of  Plasma-Sprayed  Glass  Coatings  by 
Laser .  An  attempt  was  made  to  optimize  the  optical  quality  of 
these  plasma-sprayed  glass • coatings  on  polycarbonate  by  selective 
melting  with  a  C02  laser.  It  was  hoped  that  the  glass  coating  would 
absorb  enough  energy  to  melt  with  the  polycarbonate  remaining  trans¬ 
parent  to  the  laser  energy.  This  was  not  the  case,  however,  because 


Coatings  on  Polycarbonate 


enough  heat  apparently  was  absorbed  and  retained  In  the  coating 
to  cause  heat-up  and  deterioration  of  the  polycarbonate  substrate. 
Rather  than  melting  uniformly  to  produce  a  transparent,  grain 
boundary-free  film,  the  surface  charred  and  the  coating  spalled. 

D.  RF  Sputtered  Coatings 

An  RP  sputtering  capability  (diode  arrangement)  was  developed 
in  the  last  months  of  this  contract.  The  research  was  aimed 
toward  establishing  the  procedures  for  depositing  and  actually 
preparing  transparent  coatings  on  polycarbonate.  An  overall  view 
of  the  RP  sputtering-vacuum  system  utilized  in  this  work  is  shown 
in  Figure  22.  Figure  23  shows  the  various  components  of  the 
sputtering  module  including:  the  baseplate-collar,  with  feed¬ 
throughs;  moveable,  water-cooled  anode;  Pirani  gauge;  pyrex  spacer; 
and  moveable  RP  tuning  network. 

In  order  to  establish  the  operational  procedure  for  the 
sputtering  module,  a  metallic  target  was  used  initially  because  a 
metal  coating  facilitates  observation  of  the  coating  process. 

The  target  chosen  for  the  preliminary  runs  was  tantalum,  because 
it  easily  deposits  a  uniform,  mirror-like  coating  which  simplifies 
the  coating  thickness  determination  with  an  interferometer  (thallium 
light  source).  One  portion  of  the  substrate  being  coated  is  masked- 
off  to  provide  a  step  for  the  thickness  measurement.  In  this  way, 
the  coating  thickness  can  be  correlated  with  the  power  settings 
and  deposition  time,  permitting  experimental  curves  to  be  drawn  for 
reproducibility  of  the  coating  thickness.  Tantalum  was  deposited 
with  no  special  problems  on  glass,  alumina,  ferrite,  stainless 
steel,  and  polycarbonate. 

Transparent  Pyrex  has  been  successfully  deposited  on  glass, 
stainless  steel,  and  polycarbonate.  The  pyrex  on  polycarbonate 
samples  required  some  experimentation  to  reduce  the  heating  effects 
on  the  polycarbonate.  Initially,  when  sputtering  under  the  same 
conditions  used  to  deposit  tantalum  on  polycarbonate,  the  deposi¬ 
tion  of  pyrex  on  polycarbonate  resulted  in  wrinkling  and  bubbling 
of  the  polycarbonate  surface  due  to  overheating.  This  overheating 
problem  was  solved  by  manipulation  of  the  inherent  sputtering 
variables.  Similar  techniques  should  be  usable  for  any  other 
transparent,  dielectric  material  to  be  deposited  directly  on 
polycarbonate. 

Although  transparent  coatings  of  pyrex  were  deposited  on  poly¬ 
carbonate  without  any  physical  deformation  of  the  substrate,  a 
light  brown  discoloration  of  the  substrate  occurred.  Even  though 
the  power  level  for  these  runs  was  set  at  a  minimum,  the  substrate 
still  discolored.  These  results  indicate  that  the  discoloration  of 
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Figure  22.  An  Overall  View  of  the  RF  Sputtering  Module 

(SM-8500)  Mounted  on  a  Veeco  775  Vacuum  System 


Figure  23.  individual  Component  of  the  RF  Sputtering 
Module  (SM-8500) 


polycarbonate  lo  an  inherent  problem  due  to  the  heat  generated  in 
our  oputtering  module.  This  slight  discoloration  of  the  polycarbonate 
does  not,  however,  constitute  a  complete  failure  of  the  sample  because 
the  sample  remains  wholly  transparent.  It  is  believed  that  this 
discoloration  problem  could  be  overcome  by  utilizing  radial  sputtering. 
The  use  of  the  radial  sputtering  procedure  for  the  deposition  of 
alumina  directly  on  polycarbonate  is  more  feasible  because  it  is  a 
much  lower  temperature  process. 

Attempts  to  deposit  alumina  on  a  silicate-coated  polycarbonate 
resulted  in  severe  bubbling  and  cracking  of  the  silicate  coating 
upon  exposure  to  the  sputtering  media  for  only  a  few  seconds.  Slight 
changes  in  the  sputtering  procedure  could  not  sufficiently  quell 
the  overheating  problem.  Initial  efforts  to  deposit  alumina  directly 
on  polycarbonate  were  not  successful  due  to  the  adsorbed  water  in 
the  target  and  the  resultant  outgasslng.  Heat  treatment  of  the 
alumina  target  is  underway  to  remedy  this  situation. 
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iv.  conclusions 


A.  Alkali  and  Nonalkali  Silicate  Coatings 

Polyurethane  coatings  perform  satisfactorily  as  hard  coatings 
on  polycarbonate  for  improving  the  adhesion  of  alkali  silicates. 

Co  uings  made  from  type  K  sodium  silicate  and  Kasil  6  potassium 
silicate  were  superior  to  other  silicate  types.  Of  the  two, 

Kasil  6  potassium  silicate  appeared  to  have  superior  physical  prop- 
r-.-i  iei,  such  as  resistance  to  cracking  and  wrinkling.  In  all  cases, 

"er,  a  protective  outer  film  is  necessary  to  prevent  silicate 
degradation . 

Both  polyurethane  and  polystyrene  were  found  to  produce  trans¬ 
parent  distortion  free  protective  films  provided  the  silicate 
surface  had  been  properly  ground  to  eliminate  silicate  surface 
irregularities . 

The  polycarbonate-urethane-silicate-protective  (PUSP)  coating 
system  performed  satisfactorily  when  evaluated  on  the  basis  of 
thermal  shock  stability,  flame  resistance,  flame  propagation 
"humidity  resistance,  light  transmittance,  flexural  strength  and 
j)';;act  strength.  However,  long  term  stability  of  physical  properties 
j  not  tr.-n  determined  beyond  several  months.  Some  darkening  of 
the  protective  film  was  encountered  in  ultraviolet  stability  tests 
indicating  a  degradation  of  the  polymer.  The  PUSP  systems  appear  to 
be  relatively  unaffected  by  vacuum  down  to  10“5  torr  for  24  hours. 
However,  the  effect  of  lower  pressures  has  not  been  determined. 

B.  Plasma-Sprayed  Glasses 

The  particulate  nature  of  the  arc-plasma  deposition  process 
is  the  basic  reason  for  degradation  of  the  optical  properties  of 
these  glass  coatings.  The  plasma  torch  emits  molten  particles  which 
solidify  on  the  substrate  as  distinct  units  having  grain  boundaries, 
causing  refraction  and  reflection  of  light  and  resulting  in  the 
translucent  or  opaque  appearance  of  the  coating.  The  original  idea 
that  a  transparent  ceramic  or  glass  coating  could  be  applied  by 
plasma  technology  was  based  on  preliminary  particle  impact  studies 
which  showed  clear,  well-melted  particles.  However,  as  a  coating 
hi  ■ i t  up  (thickened)  with  the  present  materials,  the  particulate 
nature  of  the  coating  has  an  increasingly  detrimental  effect  on  the 
>!  1  ’cs  of  the  system.  It  is  likely  that  a  transparent,  plasma- 
iyed  glass  coating  could  be  developed,  but,  in  so  doing,  there 
would  be  some  sacrifice  of  thermal  protection  because  the  starting 
composition  must  be  very  low  melting  in  order  to  enhance  the  fludity 
of  the  molten  glass  and  thereby  permit  better  coalescence  to  minimize 


grain  L'u'Viaiy  formation.  It  is  possible  that  a  polymer  +  glass 
plasma-sprayed  coating  would  permit  optimization  of  the  optics  of 
these  systems,  but  the  extent  of  the  thermal  protection  to  be 
offered  by  such  a  coating  is  not  known.  Although  the  plasma 
sprayed  coatings  prepared  in  this  program  did  not  possess  the 
optical  qualities  necessary  for  instrument  dials,  such  coatings 
mlpiht  be  of  interest  for  other  components  where  coatings  that 
are-  abrasion— resistant ,  impact— resistant ,  etc.,  are  required. 
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